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" " logical thought. .

INTRODUCTION

34

The current status of mathematics teacher education is largely the effect of
the ‘past, especially the recent past since about 1960; and the future will be
affected by the concerns of the prcsent—perfomancelbased teacher education
(PBTE), competency-based teacher education (CBTE), accountability, basic skills,

" declining test scores, tests of minimal competencies, etc. Projections for teacher i
€ }w%ﬁon programs in mathematics must clearly address these effects. ’

9
v * \

e . Mathematics teaching today faces the future with little real certainty .of its

goals.and little optimism concerning its potential éffectiveness; this bleak outlook
. has resulted largely from the lack of hard research data as a basis for making deci-
‘siofts. It is not surprising that in May 1974 the Conference Board of the Mathe-
- matical Sciences appointed a National Advisory Committee on Mathematical Edu-
cation (NACOME) to prepare an overview and analysis of U.S school-levél math- .
ematical education including its objectives, current practif:éé,‘ and attainments.
. =. The resulting document, the NACOME report, capitalized upon; several current -
‘nationwide' research projects and clearly has significant and far-reaching implica-

tions for mathematics teacher education at all levels. It prO\)ides the central theme . =

, or core for Mathematics Teacher Education: Critical Issues and Trends, A priori o

*

knowledge of the NACOME report is not a prerequisite for'reading this publica-

;&on, however, since’the chapters contributed are directed at selected issues and
e not intended to be reactions to the report.. o . . {
. . 'y P .
- ,5 .

* The initial ‘chapter, “Mathematics Teacher Educations An-Overview in Pgre .

o« . o e ; . . » - ¢ C ae,e
. Spective,” is.included to present a-research-supportgd discussion c?f’ several timely- \ .

" topies facing mathematics educators. These issues are by no means intended. to-be -
‘ exhaustive and, in a sense, they are level-free. With this foundation, a general dis-
cussion of mathematics teacher education follows and concludes with the specific
pre-service and in-service :teacher tréining recommendations of the NACOME
report. * 7 . . | : & - e
. [N . : b . -

Mathematics Teacher Educatiof’” Reflecting expertise in early childhood educa-
tion, she has provided an gverview of kindergarten teacher education followed by
some " suggestions. for teaching: mathematics and logic in thé kindergarten. The
thheme is that teacher preparation in mathematics has been neglected at the kinder-
‘garten level. A dBricentration on the social transmission of mathematics facts has:
. failed and will conlinue.to f4il to produce individuals capablé of thinking in new
ways and inventing new -solutions to problems which will confront’ us in the
future. Kindergarten mathematics programs and teacher education programs are
required that stress the need to capitalize on the child’s intrinsic motivation to
{earn mathematics concepts and to facilitate the developrhent of the capacity for

. Kathryn Castle ‘prepared 't’hllt}khapter'éntitlved “Suggestions for Kindergarten -~

. - . . . : !
John Mihalko has documented his many years of classroom éxpe!iqnce in -
the chapter, “The Answer to ';he' Prophets of Doom: Mathematics Teacher

-

)

-~
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. Education.” He. presents a brief overview of the era of “new math” and 'then dis;\:'
cuses math anxiety, 1nd1v1duahzat10n, and learning theory as they relate to math- ,

ematics teacher education. _ k/

N Frank Rogers, a consultant in mathemat1cs in the Lansing Public Schools
prepared the chapter: entitled “Speclﬁcatlons for the Training of a Teacher of
General Mathematics in Junior and Senior High Schools A Recommendation of

the Michigan Council of Teachers.of Mathematics Directed to the Teache,r Train-
ing Institutions of Michigan.” Teacher training in mathematics re ulres, and will _

‘continue tqQ require, many 'more hours of clinical experiences, i.¢., many more
hours of on-the-job exposure to real students at the grade levels that pre-service

students.dre preparing themselves to teach. This chapter mcludes//speclt;lc sugges- .
tions as to how these clinical experiences can be structured and/wher the, class-
room hours i in pure mathematlcs ciasses can be rearranged to\make t1me\for them -

L - / N
. Karen Skuldt’s chapter, “Comments on a K-12 In-S/ew1ce qurse,?_’ is a
description @;rg‘duate in-service workshop offered at the State University Col-
- legeof Arts ience in Geneseo, New York, in which elémen\ta\ry and’ s‘e%nd-
ary teachers ,explc)re concerns and' issues they share regardmg the teach of

[

'.mathematlcs : : oL e oS . '

Earl Hasz developed the chapter, “Th'é Urban-Bo{md Mat»bematlcﬁﬁacher

His focus is on the secondary mathematics teacher educatldg cumculum at Metro-' ‘

I

pohtan State Col]ege in Denver and its raison d’ etre s :
X N -, . o ‘ ) ,"

e The experiences And current activjties of the panel of cont‘nbutorss are clearly

: d1fferent and diverse, thereby prowdmg the reader- w1th a variety of positi

consider.- We hope that the overviews, ‘position papers, and program desc'ho{t:rons

presented in Mathematics Teacher Educatio/n Critical Issues and Trends conlﬂb-

ute to a more objective base for makmg dec1slons in mathematics teacher educatlon

o / Co " DOUGLAS B. AICHELE

T
M . . .
A1 " . . . A
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- tion (PBTE), competency-base teacher education (CBTE), accountablllty, basic

T ~ .

* real lack of hard res

MATHEMATICS, TEACHER EDUCATION:_

© _ANOVERVIEWINPERSPECTIVE = =\

Douglas B. Aichele Pro fessor of Curriculum and Instruction and Mathqmatics
" and Director o f Student Teaching,;
-‘ 'Oklahoma State University, StiIIwarer Oklahoma

“/ .',,' | v‘. - . wrfr . '/}; "4,

~If we were to t
matics teacher educatian, I suppose we would have to conclude that it is largel
the effect ‘of the past, € pecmlly the recent past sigge about 1960; and the future
will be affected by the concerns of the present—p ormance-based ‘teacher educa-

sts of minimal competencies, etc. Projections for

skills, declining test scores
m: therzatics clearly must addresS thes'e effects. *

teacher education pro

Venye .
One of the prohfems in’ confrontmg any’ of these areas however,. concemsl

riculum. We cannot em to gain consensus bn the geometry curriculum, or, more
generally, on exactly what mathematlcs should lgg taught in American schools. If,

as mathematics educators, we cannot: seemn’ to agree on the content to be taught,

how then can programs be: des1gned and supported to prepare m?the\matm.s teach-
ers? Quite clearly, this question is not fair as it does not relate the- whole(story

: It-does depict, however, conc rns that pare s, legislators, and the public entertain

n} general as they extrapolateNrom their ov athematical experiences to those
their- offsprlng, patrons and friends.., . . : - ‘»S";
" e \" & : v L \ v

’ It is nnpossrble to consider the issues of mathematlcs teacher education in .

isolation. We must. realize that the discipline of mathematlcs as perc‘elveq by the
public and mathematlcs educators- alike, has undergone some very real criticism

“recently; and this cnttclsm .alone haihad extreme negatx__e implications. During -
educatgrs assumol ‘a pro-act1ve pogture'

the era of “new math ” mathenvatj
There was a tremendqus sp1nt that reﬂected' curriculum developmen supported
largely by state.and fedetal 4gencies; there was little research condy/

and justify these curriculum proposals and their influence on the/mathematical

~ development of American youth as a whole. This flurry of act1v1ty was overactjve.
in some respects and perhaps reflected an overemphasis on.such d1mens1ons as -
-symbohsm vocabulary, and abstractlon It is also true that some of the less desir- "
, a‘bﬂY-Products of the “new math” era have beén presented to the publicina. -
B negatNe manner and have been erroneously generahzed to all df mathematlcs T
Mathematics “historically ‘has been thought diffi€ult, uninteresting, and perhaps )

;taerrﬂe by many people. So what was.new the 1960s? What was new was that

ents and the _4pu'b1i'c in general were unable to understand, much less help-their
. offspring with, the mathematics being tayght in- schools ; furthermore, in addition '
to anxious parents there were anxious teachers! It is no wonder that the result”

was -some pretty anxious studentf Are today’s citizens supporting. the anx.tetles

: they experienced as students dur;ng the ‘‘new math” era? \—\\‘ (\ )

give a scouting report ‘on the current status of mathe- -

ch data: For. examplﬁ let’s consider t mathematics cur-,

ted to assess '
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ln May 1974 the Conference Board of the Mathemathal 801ences appomted

o Lo '"“a Natlonal Advisory Committee on Mathematical Education (NACOME)' and -

o L ‘ diretted the committge to prepare an overview and analysis of U.S. schooldevel
e mathematical education (including obJect1ves current p;actlces and at‘talnrnents

' “, , ~5' The composition of the commlttee was extremely dlverse with present activities

o L of ‘the membership- spanning classroom teaching of mathematlcs from elementary
Ve A . mdes through graduate school, \mathematlcal research, pre- and in-service teacher

-education, curriculum development\and xmplementatlon projects, supervision .of
cumculum’\and instruction, and evaluation of: programs in school mathematlcs

“ence in rural suburban and urban schools from across the Unitéd- States and

R " . several forexgn coun.tlxes The final report of the committee, the NACOME report
oo (9),Was released in 975. One of its recommendatlons speaks expllcrtly to the' o
AP 1ssue f the “new math” era and sets-the stage for the future o

. v S A
\
- Jn the creatzon introduction and - support of mathematics programs .
" neither teachers eduoatiqnal admzmstrators Py ents nor the generaI

; between _ ‘ «L

EER T Y t'heoIdandnew/mathematzcs S S ) :
A i - /skilIsand concepts Tt
v o, T T -intuition anaformalism : A ( ' R AL
A structure and problem-solving | e :
L ‘ . .)?duction and deduction " - - o _ &\. ,
, . . . TP L
Cw The careliof every mathematics progra should contain+a »]udtctous
EEEEEE combifiation of both elements of each pair with the balance, proportion,
ST and emphasis “between the two being determtned by the goals'of the '.‘,J
oo " program and by the nature, capabzlztles and eircumstances, of the stu-
o dents and teachers in the program.- - . '\ :

.

‘and teacher education. The actmtxes of committée members also reflected expen— :

the concrete and the abstract O ST i

w . ! L
S Furthermc]re Izttfe is communtcated by polarization of posttlons
_ : _ about. terms and slogans that have Iong since lost agreed-upon meanings

o Therefare, we recommend the term ‘“new math’’ be limited in its use to”

"7 V. ments of the period- 1955-1975 and that réferenge_to cu !
) . mathemdtics, its status, its trends, and its probIerrYQ‘be made only in
o S 5 such common-noun ferms as the “present mathemattcs program,”’ “cur-’
R ' . + rent school,mathgmatics ¥ ‘e ntemporary mathemattcs teaching,
o ,(9136-37) . _ L e
T v o . R
Diseussions related to cﬁaractenzmg $ae‘% math” no longer exist as they did at
one time. Professronal ‘meetmgs'?ro longer support sessions-related to-the topxc,
. - . the times are filled. with discussions-of other scapegoats such as bas1c\skllls, tests
' &L < " of :mifimal competence and the metric system. Hopefully, we have learned some-
’ thing ‘fror‘n the “pew 1 math” era, and consequently we w111 be better able to enJoy

. " describe; the multitude of mathematics educatzon concerns and develo:p-‘ Lo
ool -

<

L g

"\



A ‘ .
- . .o

o increased public credibilit argely as a résult of commun1cat1ng our posx‘tlons on
“\_ "~ . future issues accurately an ’ohjectlvely to the pubhc at large. If not, the future
- will probably turn into a seq nce of d1sasters whlch would make AIzce in Won-"

.\ . .
derland appear a reali i - ‘ ((

TN Release of the NACOME report\i 75 was t1med‘ to take advantage of the 4
PN rosults of the first -assessment in mathematlvs (1972-73) of the National Assess- , .-
g ‘ment of Educational Progregs (NAEP), a s rvey of course offerings and enroll-
R ments in public secondary schools during 1972-73 of the National Center for
Educational Statistics (NCES),.a publistied survey in. 1975 of the American Instl- :
tutes for Research CAIR) entitled Computing Alctivities in Secondary E ucation,
- -and a survey suTxported by the Association of State Superv1sors of, Mathematlcs
. “*  (ASSM). These .decuments provided a sound Wasis from which a report could v
’ ' evolve and perhaps represent a benchmark for the. future ‘

o Te
'

A | ‘
- oy 4 ' T : ) C -
Basic Skills and Tests of memaLCom%ejem:e - ’ ros = 7(7 ‘ o,

16 4

An isgie spoken %0 in the N COME report which i is much d1scussed today

5 . - a(. concerns the bas1c skllls The repg recommends . . '*;‘\ :
J oy 'that euery child is- em‘ztIed to the matherr?rtzcal compefenczes necessary .
co ~for daily Izvmg'm‘ today’s civilization, bul-the concept of “basic skills” - .. - ; .
= essential to the consumer and the citizen [should] be def ned to include B e T

. A \ more than computatzonal skill-also abilitie &to deal ¥ teIIlgentIy with
" : . statzstzcal information, to reason IogzcaIIy and 'think crmcaIIy ( 9 137) -~
" . 4
" Vety few wouId 1sagree e spirit of th1s statement the proble A however, .
.~ is that many individuals pccelve the gene “bas1c skllls” issue ast vehlcle for
' getting to the larger issue .of .“tests of miflimal competency.” Ope might legiti- =
" . ‘mately ask, {Are there basic skﬂls pfm at1cs"” If 53, what are they? Initially,
the task of enumerating these “basic skills,” uming they exist,-does not appear
- 3 'to be such a drfficult undertaking. However, as‘the results of the Egclid @onfer-
’ o ence on Basic Mathemati kills -and’ Leammg (N clearly showed, it is difficult
- '(perhaps even futile) to comensus on Just what const1tutes basic skills 1n
. 'mathemat1cs S :

.. v @, i .
Now taking the 1ssde one st'ep further, school districts throu ut the coun-
S try are currently 16volved in’ assessing basic mathemat1cal skills and’ then using -
‘ . . these assessments to develop tests of’minimal competence which ultu:nately will
" be used to idegtify students who have not developed their basic mathematlcﬁl .
\ -skills--whatever those skills are. How did. we ever get mto such a precanous sith- -
E ation? It probably happened because we «allowed some form of very narrow defi- -
. nition ,of basic skilld to equafe competence in mathematics with ability to per-,
form mathematlcal computations, 4 la the “four basic operatlons ” And this . -4
resulted from the media’s misrepresentation of such forces' as declining standard- .
v ized test. 3cores and college entrance examination scores, react' ns to the results
.+ ¢ of the National Assessment-of -Educational Progress, rising cos¥fs of education.and ,
~  the accountablhty movemént and ‘trends'in mathematics éducatlon emphasizing ¢
' mstructxonal methods and altematwes rather than cumculum con}ent ' - m
C % - i . [ . . . o /- ,‘ . - .‘

) L . .
- . , Loy . - .
. : v

-’il l-_“_ S . *' 10

1
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P “ Tl{e lack of c%mpnsus resultmg fron} the Euchd cont;lnce by no’ means.. Ty
o ' “went unnotlced Ev l‘zn&though any attempt to gain upiversal-agfeement on‘a-unique - S
' P _ set of basmmath,e al skills is doomed,zh mpt to’ 1dentlfy such'skills.can+ . : .
¢ . be helpfpl to. teachers \parents and-the public. The process of mteractmg 1deas
S ang attempting to descnbe “basic skills” in light of past attempt&@nd then assim-
7w f" 11at1ng thesresu}tmg idea is a worthwhile unden{kmg It 1llustrates the extreme
! dxfﬁculty of the problem, and. revéalsfthat what is “ba today may not be .
e _\“b [c4gmorrow, One: orgamzeé response. tg. the resu,lz ‘of the Euclid-confer-,.,
L. . o enge cameNTo he‘_Nation Cotlincil of Supetvisors of Mghematlcs (13). Their 5
o ~ 4 PO 'tlon pag)er d1d not take % stand on the i 1ssue _concerning testihg minima¥ com-
K TR , petenme(s as a determinant for high- school graduatlon Instead, they 1dent1ﬁ
L oo ten compornents ofﬁmc skilly. tht Could serve as guidelines for state and loc \
el . *:.schodl systems coff¥flering the\ estabhshment of mmlmum essentlal gmdua.tlon
2 reqmrements These arer, ST T % v o
ORI SR ‘ ‘
T 1 Problent Solving : i N _
e T o
' : Learntng t(}solve probleﬁs is the prxncxpal reason for studyxng ‘math- -
) . - "'ematics Problém solving_ is the process of applying  previously / o
PN S : gcquired knowﬁ dge to new and unfamiliar sxtuatxons' ‘Sodving word R
. problens in’ tests is one form of prohk"m solvxng, but students also R
P : ' e .should be faced, with n&{ textbook problems. Problem-solving strat- LN
o W . egles anolve ‘pbsing  questions, analyzing situations, translating S
o ' ,results, xllustratxng results, drawing diagrams and using trial and - .
tee o . . erroraIn solvxng, problems students need to be.able to apply the s
o - *  rules of logic rwetssary to-drrive at valid conclusions. They mustnbe ‘ R
Lo o N ‘able to determine which facts are relevant They should be unfear- - Lo
: , ful of arriving-at tentative conclustons and they must be wzll5ng to- -
g ; - s‘ﬁb]ect these conclusian)s to scrutiny o : A '
. ' - ¢ - '_. - s . oL
’ o v . 2 Applyxng m‘gthematxcs to everyday sxtuations T . o 7
s ' ;, I ‘ o s o e T
ST @ ’. - The use of mathematics}?xntemelated with all computatzon actzvi-' N
S o :_' ties.’ Students. should be encouraged to take everyday situgtions, = o
¢, - trapslate them into mathematxcal expressions, solve the mathemat-. ' =~
o * . dcs,and interpret the results in light of the initial situation. )
. L X ﬂ'3 Alertness to the reasonablen!sso'f.results KO _~-' ) o e
~ Due to arithmetic errors or other mi&t\akes results, of mathematxcal , P
work -are sometimes wrong Students should learn to inspect all - / ‘
PR . resuIts and  to check for reasd‘nableciess in terms of the original A ‘e
VA ‘prablem, With. the increase: m "the use of calculatmg devices in . _
" ' \ society, this skiIl is essential T SN s .
, 3 T ) : o N .
L '. - 4. Estimation and appro,ximation R . : ‘ .,
N Stude%ts should be able to carry put rapzd approximate calcuIattons : _
. - firs rounding off numbers They should acquire some sxmple T
: : / . ‘ . T N T
k R R ‘,' v L7 i ' :
T T , E
TN .'( v N ' . o S
L : :
5 N L ~N N )
& - 1 l % . ° .




.. techniques for estimatmg quantity, Iength distance, weight,” etc It

_ for the purpose.atfhand.

- be deveIoped and maintained _ _ o e .
: - :’ \‘,‘f' .,’

/_

, ] Car
To. M “
L I
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& o r
is also necessary to decide whén a particular result is precise enough

g
- ,

; AppropriatecomputatzonaIskiIIs : S . P

Stu nts should gain faciIity with addition subtraction mq[ttplzca- ’

tign/ and division with whole numbers and decimals. Today it myst' -
b& 1 recognized that long, compIicated computations will u{ually be M o
done with a calculator. Knowledge of single-digit number facts‘is : - Tl
_essential and mental arithmetic is a valuable skill. Moreover, there ,
are everyday situations which demand recogr;ttion of and szmple IR

-

‘computations w1th common fractions T o R

\ v

Because consitmers continuaIIy deal w:riz many situatlorts that

involve percentage, the ability to recognize and use perc:znts should

: . ' : oo N
Georﬂetry Tt e 5
. o . “ , e . . .

t
PN

' Students shouId. Iearn the ge01n otric cancepts [ they/ w:II need to-
- function effectwely in the 3-diffensional world. They should have

© kn wIedge of concepts such as point line,’ plane paraIIeI,.and per- -

‘ v' 4Students shouId Iearn how- eIementary notion,s' of probablhty are '
used- to determine -the likelihood of future events. ‘They. should .

' iaritzes and differences among ob]ects

figures, partlcuIarIy those properties which relate’to measurement °
anfl probIem-soIvmg skills. They also must be ab to recogniz’-e; simi-

" pen icular. They shouId know basic'properties Zymple geometric '“

Students should be able to perform measurement in both metrlc

" and customary systems usmg the appropriate tools

oy ) /. - [ ‘ ) K .
Reading, interpreting, and constructlng tabIes charts and graphs

. Students should. know how to read -and draw concIusions from
stmple tables, maps, charts, and grap)tq They should be able to

“condense: numericaI znformation 1 to more manageable or mean-

' zngful terms by setting up simple tab_les 'charts and graphs o

o

Using mathematics to preddct

. j 4«;" . E .' - /"/'v‘
: Measurement / L e R
L AS a minimum skiII students shouId be abIe to measure dzstance ,f

3 weight, time; cqgggity, and temperature Measurement of angIes R
"“dnd- calculations of simple- areas and volumes' are also- éssential™ -~ -

- ~learn to id;ntify situations where. immediate past’ expeq"ence does . .

not affect the IikeIihOod of future ever( They shouId become I

""" e e
) . S
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. \/. .
" familiar, with ko mathematics t's used\to he’jnake predictions

, ~ suchas eIeci‘?on forecasts — B o~
Y [ . " . \-"K/«‘ o .‘ . . . i
10. Computer lh’eracy - ‘ e o L

. Itiis }mpor)‘ant for all ctttzens to undersgznﬂ what computers can N
and cannot do. Students should l;a;aware of the ma%$-uses bf com-
. .+ putess in socidty,. such .as their use in teaching/learntng, ﬂnanctal
v LN transagtions, and. information storage and retr vaI THe * mysttque
e . surrounding compupers s disturﬁt ﬁand can, put persons with no- "
TN A understandtng of- Qomputers at a dtsadvantage The anreastng use
e of computers by! government industry, and business demands’ an’ -

~N

- awareness of computer/uses and Izmitations ( 13: 20) St e
L . e v L -
Once agam it is nnportar\t to remember that the skills held as bas1c by our
society today are likely to change in the future. The dual systems of measafement
, with us today (English and metﬁc) w111 probably not be with us in ten years; the
role of hand-held calculators and. computing dewces will greatly influence the
manner in which problems will be solved and the very nature and type of prob-
~ lems considered. We cannot afford to fall into the trap of believing that basic
. _ skills are static and will not” change with time and technological advances

. ‘ _ ) '
o Some rather n;onumen?faﬁ:umculum recommendations were"also presented

~ in the NACOME report. These recommendations appear to be reasonable and

) “” ‘ rather essential features of a‘contempotary mathematlcs curriculum, A

I T hat Iog(cal structure be. mtarntatned asa framework for the study
'\ _ ofmathematics . - o~ \

o k 2 That ‘concrete expertences be an tntegraI part of the acqutsmon of
' ' ‘abstract ideas. N

3, That the opportuntty be pro.vtded :for students to appIy mathemat-
ics in as wide a realm.as possible—in the -social and rafaral sc
Cin consumer and career related areas, as well as in any real life prob-
' Iems ‘that can be subjected to mathematical analysis.

- 4. That famtIiarity wtth symbols, thetr uses, their formalities, thetr
. lmitations be developed and fostered in an approprt”ly propor-
tioned manner N\ s

-5, -Th_%t beginning no later than the end of the eighth grade, a calculu-
tor should be available for each mathematics student during each
mathematics class. Each student should be permitted to use the -
calculator during all of his or her mathemattcaI work including

L . tests. :

’ ’ t : ’ _

Ay

f"
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N \.'_—-' ' ‘. 4 ‘ g /\

\ -8 That instructionaI units deaIing with statisticdl ideas be fitted

Rl
[

- 6. That tﬂe recc/mmendatiogs of the Conference Board of' the Math- - ...
, ematical Sciences 1972 comnmiittee regarding compe®Iers in second- %\,.
ar_y school ¢ /yrr Heula be impIemented . o . (

NACOME especiaIIy underIines recommendatzons ,. ) .
—that all students “not on(y able students, be affofdedw{he opﬁBF\ -
(9% et tunity to pat&ieipate in computer suence courses,
. " 3
. —that' schooI use of computers be eproited heyond t&le ro. of-
) computer assisted instruction or comp]xt;ér managemept systems

v -

To

).,_ N P ‘
" —that computer Iiteraey courses ‘involve student “hands-on
’ experiences using computers. L b

examine the current instruction sequences in fractions d_ecihfa_ls
fo fit the new prigrities. _ o ‘ . . '

. *

fthroughout the eIementary and - secondary school curricqum

(9“}638-39) L N

'-\'»‘.

mattcs educators e.g., logical structure ‘of mathematics, using-concrete experi-

77 That atkschool systems give serious attentzdn t Iementation of .
’ the. met —system In measuremerrr instructzow they re- *.

s

Several of these recommendatlons stress issues that are not new to mathe- <

- ences to acqulre abstract ideas, symbolism in moderation, and application of
" mathematics presented in a vanety of settmgs Positions on calculators, computer-

literacy, statistics;-and the metric system are necessary as these issues are already
very real. These recommendations provide us with a basis from whsch wg can
exercise leadersﬂtp in the d1rectlon deemed most appropriate.

Natronal Assessment of Educatlonal Progress :

OneYof the forces mentioned earlier that has tended to have a negétlve u-

ence on recent developments of school mathematics is media~publicity given to.
“selected results from theN\L975 reports of the National Assessment of Educational

Progress (NAEP) (10 11, 12).7As a result of testing done dunng 1972-73, these’
reparts describe achievement of 9, 13, 17 year olds, and young adults aged 26-35-
in fifteen. content strands at six levels of behavioral complexity. The content of
the assessment was evaluated -as appropriate for American schools by scholars,

lay persons and educators. Clearly, this first assessment does not provide all the

“answers. It does, however, 1dent1fy topics irf the curriculum that should be given

increased emphasxs Furthermore, the particular results on the computation part

of the ‘assessment do not support the allegations that basic skills senously deteri- ,
orated during the “new math” era (9:118). On the other hand, the reports sug:

gest that the .curriculum should reflect more attention to the baslc concepts
related to measurement and problem analysis (9:118). .



It would be; 1mposs1bwto revrew all of the fmdrngs of this- first assessment.
o ' Unfortunately, the results of such studles too-often go unnoticed. I strongly sug- i
v . 'N":\gest ‘that as mathematics departmeﬁts within school districts contemplate curricu- .. Ny -
lum revision they\utlhze these NAEP results. This would hetp to ellmmqte some - :

~_ T of the negative comments frequently espoused by secondary’ mathematics teach- .« v
i * « « ers related to %\e' pogr job the1r counterparts are doing at'the middle school or . ’

4 ~ junior high school level; it would %so provide some hard research data in support - -

of curriculum revision. Knowledge of these results is not resggicted to public
«hool teachers -Quite the contraty—these results provrdq}he most current analy-"
sis a descnptlon f the mathwnat: . abilifies | a cross-section of Ameficans, - “
-. Mathematics educators at. all 1cvels shopld be tamiliar wrth them and be eagerly o

~ . awaiting the reports of the second assessment. - % - t——

L
.

A 1
S Schqlastlc Aptltude Test Score Dechne . \
o0 - Anotherrtegatlve force mentloned earlier was media publi¢ity given to d'echn- S
ing standardlzed test. scores and college entrance examination scores Elurlqg the
. past two deeades. The causes for the decline in the performance of entenng col-
lege students on 'the Scholastic Aptitude Test (SAT) were studied by a panel
R o appomted in 1975 by the College Entrance Examination Board (CEEB) This
. ‘ _ panel under.thé charrmanshlp of Willard Wirtz, made its report a;ulable in August
o 1977 (2) Briefly, the SAT has been  used for over fifty ye help determine ©
g .- high school students’ preparedness for-college. The test includes fwo parts, Verbal
~.and. Mathematlcal each- computed and repofted‘separately on a scale of 200-800.
The mathematical portion measures students’ problem-solving ability in thiree
areas—arithmetic reasoning, elementary algebra, and geometry (2:3). In 1952zthe
‘ SAT-Mathematical average for all test-takers was 454 (2:6). These scores remained
e relatively stable for the period 1952-63 althqugh a slight increase was reported in -
“ 1963 when the average was up 8 points to 502 (2:6). The decline began-in 1964
" on both the SAT-Mathematical and SAT-Verbal. It remained relatively gradual _
until about 1970 and became sharper after that, especrally on the SAT-Veé hal BN
< ‘The 'past two’ .years have sugge d a poss1ble levehng out; t@a SAT—Mathematlcal B
& in 1977 was 471 forall test'fEkerd (2:6). . . 1

A The panel concentrated .on the period '1963-77, observmg a declme ol 13’ L
B ",‘ . - olnts on the mathematical portion and 49 pomts on the verbal portion. In te ' :
: e 3 of standard deviations, the decline in scores means that only about a third of the {
T . 1977 test-takers did -as-well as half of th e who took the SAT in 1963 @: 5) It is .
3 \ _ very. {difficult to determine precrsely w much worse students are doing now
R than their counterparts did earlier. This declipe is nothing to be taken lightly,
. . however, especlally when 1t followed a pertod w1th relat1vely stable scores—even -

- /\ o slightly 1 increasing scores.  * . . ; - .

"The panel diagnosed the causal factors of the score declme as falling into two :
‘categories or stages. These categones are actually so d1fferent(,that it may be best .
to think in terms of two score declmes One decline is directly related to changes = .
in the SAT-taking p9pulatlon—‘fcomposmonal” changes. The data gathered by .
the panel indicated that starting in about the mid-1960s, cumulatively larger :

- : | . )




~ { ' e _CTOSS sectlon f students than they vg.ld in the pas{. This penod was clearly one of ,

/ g

percentages of students w1th comparaq“ ely lower hxgh school grada averag ere -

going o to college. The ACE Freshman National Norm study shows t is dirt ctly,

as do the ACT Student Profile datg for-those students taking that: college entrance -

exammatxon (2:14). Most-*probably two-thirds. to, three-fourths—of the- SA*I'

score decline from 1963-70 was. related to the “‘compositional™ .changes in the

group ’bemg tested (2:45); these score averages ‘measuz? a different and broade~r

-€xpansion ﬂ%\e\number and proportidn of studefts completpg high.school and

 panel attributed about a'qud

+ .refle¢ted the national spirit of extended. educational opportumty*The‘panel dbes

r+t at*ribite the score decline during this period solelv to thé fact’that an in-
wreased pcrcentage;( of lower-scoring groups started- taking the test, liowever!

““What the decline reflects is the inconipléteness ; so far;of the national undertakmg.
to afford meanmgful equahty of educatlonal.opportunity (2 45) : s

e
N .
|

It is much more dlfﬁcult to cha.“actenze the causes for the score decline after‘

\;1970 however, the composrtlon of the SAT-taking population has. becorge more ,
" stabilized (2: 46)I There is evidence that prior to 1970 thére were emergmg signs

of ‘“pervasive” influences which went ‘beyond “the “compositional” changes. The
er of the decline since 1970 to those “composi-

“tional” factors related to cha} ging miembership in the populatxon being tested.

-

This suggests that about ‘half

] There has been a signzfz
, phgsis in the schools, reflected particularly in-the adding of many

g elective courses and a reduction of the number of courses that all -
students alike are required to take. ... L

2. There is clearly observable evidence of diminished seriousness of
.purpose and attention to mastery of skills and, knowIedge in the

~ learning process as it proceeds in the schools, the home, and the;
society generally. This takes a variety of apparently disparate but

actually interrelated forms: automatic grade-to-grade promotions, -

~ grade-inflation, the tolerance of increased absenteeism, the lower-

" ing of the demand levels of textbooks and other teaching and learn-
ing materials, the reduction of homework, the lowering of college
entrance standards, and the inclusion of ‘Femedial" courses in post:.
secondary education h A i

Each of these issues presents its own éuandary We are not suggest-

ing simplistic . “solutions”’ throug' hich aII students are treated
J_».; alike by being held in a grade until they n ach a common standard
o ..The only right unswer is.to vary thefinstructional process still

; more to take account of increased igdividual differences but with- -

out lowering standards

3. Particularly because of the imﬁact of television, but as a conse-

‘.quence of other developments as well, a gaod deal more of most

<
ot

- - . A
f 4 ’

f the decline may ‘be attributed to.a broad collec- '
'tlon of factors identified as“p brvasive.” Bneﬂy stated these are

dzspersal of Iearmng activities a(r;d‘ em- . .




* vinced that teleyision and related forms of commynication give the:
= R
- - Jfuture of Iearning its greatest p:omise ‘ N
- ¢ ‘ SRR TR W C 0
L 4. There have t‘lnquestionably been changes during tRe period relating
& )

', } ' *'so that qnly the readily observalyle structural changes can be. noted :
* the rap!dly increasing number and percentage of children, for exam- SR

- _. 1 .
o
3 . -
P .

children's Iearning now deveIops through viewing and listening than
. through traditional modes. Little'ts known yet abopt the effects of

'~ standardized examinutions. ” . o =
. o :
Yo We surmise that the extensive ime consu,med by television detractsf
x4 _ from homewoﬁ,-eompetos with . scho/aIing more. generall has. v

contributed to the decline in SAT scote-averages. Yet we are on-

~ to scoré decline, in the role of the fa in i% the educational proc-

efs. Social sensitivity has precluded thorough inquiry into this.afea

ple, in less than compIete famiIies While evidence is-not available to
determine the effect of these. changes on stidents’ college entrance
examination scores, our: con]ecture is that it is negative o .

» 9. The concentration of score es in the three-year period be-
Tu tween 1 972 and 1975 leads the_panel to suspect strongly that one
I important element Fere was the disruptiaon in. the life of the coun-
" ?ry during the time when those groups of test_takers were getting .
eady.for their coIIege entrance exaa(inatit)ns *' ,

'For whatever combination of reasons, there has been-an apparent o
marked diminution of young people’s Iearning motivation, at-least
as it appears to be related, directly or indirectly, to their perform-
-ance on college entrance examinations:Although this may be largely

A .o\“ N

~ . only another dimension of. the preceding points, it is perhaps most

oo significant of all that during the past 10 years the curve of the SAT
: - scores' has followed very closely the curve of the entire nation’s _
. spirits and self-esteem and sense of purpose (2:46-48) . . ' N

With all due respect to the panel they attempted only to analyze the dechn-
. ing SAT scores; they weye not charged with making recommendations designed to

_reverse the 'decline. This}g the responsibility of others. It is being fulfilled in part
by the. recommendations formulat by a joint committee of the Mathematical
Association ef America (MAA) and the Natlonal Council of Teachers of Mathe-
3. matxcs (NCI'M) Thi$ committee’s recommendations are: | ¢ .
ry
1. Proﬂcien? iri mathematics cannot be acquired without-¥ dividual
»practice We, therefore, endorse the common practice of making
’regular assignments to be compIeted outside of class. We recom-
“ mend that parents"encourage their children to set aside sufficient
. time each day to complete these assignments and that parents
“ actively support the request of teachers that homework be turned

oy 17

this change, including its relationship to performa’nce levels.an. . -

®*
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¥ o . . -

_ in Students sho uId be éricourageq' to deveIop good study habits in* o )
L . mathematics courses at’all levels and shouId deveIop the abtlity to - ’ Gowe
Lo s W 7‘d mathematics ) R , - T o
' e } Co :
. i 2. .Homeworlg and drlII are important pedagogical tools used 1o+
" help the student ggin u erstdnding as well as proficiency in the
. skills of arithmetic and aleebra;but strdents should vot he Fos o
S with evrescive o 1cer N4 T e HHerefu, recumiineni vl ot
M teachers und duwiryii. © textvo ks»step up thejr seapchof interest- ™ ‘
.. Ing problems that provide oéortunn‘y to apply thesel skills. We
' realize tiﬁt tbis is g difficult task, but we believe that p;oviding -
‘ . problems that reinforce manipulatiye~skills as a by-product should ~' , -
= . . have hjgh priority, especially those that show that mathematics o
helps soI Problems in the real WorId } . . ‘,«—fg-—‘“) o
. = ‘ ) ) d 9 -, . . -
.. 3 Weare aware that teachers must struggle to maintain standards of X :
- T performance in  courses at all levels from kindergarten through col- ' RN
'_  lege and that serious grade inflation has Yen observed. An-apparent ' C
- . growing trend to reward effort’or attendance rather than achieve-- ‘
' ' ment has been making it Increasingly difficult for mathematics : .
A teachers to maintain standards We recommend tHat \mathematics . _
A . departments review - evaIuation procedures to “insure that grades "
S e reflect student achievement. Further, we urge dmznistrators to sup-. -

port teachers in this endeavor.

- ) ..' . -

Ll

4 In nght of 3 abov we also recognize that- advancement ‘of students - ~
" - without approp/Zte achievement has a detrimental effect on the . - - T o
E individual studént and on the entire. class, We, therefore, reconi- ' .

mend that school districts mdke speciai pro visions to assist students
when deﬁciencies are first no ted : _ ) .

8 L- ’

5 ‘We recommend that cumulative evaIuations be given thrqughout

© each course, as well ds at its compIetion to all students. We believe
. .- .that the absence of'cumulative evaluation promotes short-terin . ,
' learning. We strongly oppose the practice of- exempting students - . Sy
from eva]uations S : S T - i

6 We recommend that computers and hand caIcuIators be used- in |
' imaginative ways to reinforce learning and to motivate the student . _ ’
as proficiency in mathematics is gained. Calculators should b used S ' ' /

to supplemerit- rather than to suppIant the study of necessary - . ‘ oo
putational skills. . A _ : o L

: . _ s

7. We recommend that coIIeges and universities administér pIacement
‘examinations in mathematics prior to ﬂnal registration to aid stu-

R dents in selecting appropriate college courses " \

¢

“

~

8 We encourage tl/ continuation or, initiation of ]oint meetings of T
coIIegeand secondary schoolmathematics fnstructors and counselors =~ .

- . L ‘v
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. practices of elementary; school teachers. Information was obtained throu
tionnaires from randomly selected second and fifth grade-teachers. The over-
whelming consluﬁc\m of. the “study. was that mathematics teachers and mathe-

. " v
Ji» . > i ) ' \w'
. ' “ - .

in order to improve communicatton concerning mathematics pre-
requisites for careers, preparation of studepts for collegiate mathe- “
“ . matics courses, joint curriculum coordinatior remednu ——grams

< in schoolc and rnlley - o - . . -
s A ULt iy winis, and uther related topzcs

- 9. . SchooIs shouId frequently review their math%cunicula to see

“callege mathematics. Schoolddistricts that- have not conducted a
curriculum analysis recently uld do so now, primarily to iden-.-
~ -tify topics in the curriculum ¥ hich could be either omitted or. de-
- emphg,;i;ed if neceLssary, in order to provide suff“ cient time for

* ' the topics incIuded in the. above statement. We suggest that, for

. example, the following could be de-emphasized or omittéd if now = . . -

' _in. the currtculum \ IR o .
. L . o .

(A) Iogarithmic caIcuIations that can better be handIed by caIcu-v
latorsor computers o Lo :

. « > .

' (B) extensnfe soIving of trlangIes in trzgonometry, ) Ny : \ )

o c . proofs o f superﬂuous or triviaI theorems in geometry

. 10. We recommend that algebraic concepts and skills be incorporateti
. wherever possible into geometry and other courses beyond algebra o
 to help students retain these concepts and skiIIs ( 8 '

Mathematnés Teaehen; Educatlon |

-

Now that we have presented a llttle more obJectlve persper,;tlve in connectlo‘qg

we are in a better position’ to consider mathematics teacher educatlon“Once again,
we must mention at the outset that a lack of hard data related to programs, prac-
t1ces, reqmrements, and characteristics of the products tends to cloud the issues.

' w1th basic sk1lls ‘minimal competence and dedlining achievement i mathematlcs\

The NCTM commissioned a study (14)- concerning characteristics and tachi

Let’s start by takmg alook at the s1tuatldn prevailing at the elemenﬁg lev 1.
que

matics classroo ave clta.nged far less-in the past 15 yea}s than was speculated
The oversnmphﬁcatlon noted is probably not too mlsleadmg .

1 The "mezﬂan” teacher is a worhan under 40 years of age who has
. been teaching 10 years or less. She has had two semesters of high
school algebra, two of high school geometry, and two mathematics -

¥ ‘courses plus one course in rnathematlcs educatioh in college. She . o

e beIongs to no association o f mathematics teachers and has observed

[«

L, that they meet the needs of their students in aring atem for N




-
~
.

v whe e any o vonenatics class v o three times at
S O gy on ~achgr, student teacher and supervising o
ul.,actmr) but she believes that watching someone else teach mathe-

natics to children could improve her teaching. In contrast to the
teachers. in thé Berkeley study, she is likely to' find mathematics
easy and mterestmg o teach. . = 4 .
. 8 . ’
"2, .The “median” cIassroom Is self- contamed .The mathematics perlod
. Is abput 43 minutes Iong, and about half of this time is devoted'to - . < .
: wm‘ten work, A smgle textj&&sed in whole-class mstructlon The
t-is followed-fairly closely or. very cIoser, but studengr are Iiker —

\ “ -to Yead at- most one br two | es out 0f every five pagesiof texmat

matenal other. than problems. It seems likely that the text, at least

as far as the students are concemg/:: pnman d’ source of prob- -
~emAists. Teachers are .essentially teachmg the same way that Yhey ', “”

were taught in_school. Akmo nome of the’ concepts methods, or - .

" big ideas of modern mathematlcs pragrams have appeared in. this - _
\v~ median cIassroom (14: 330) 2 o _' L .

1

! I

It appears that the typlcal elementary pre-setvice program tbday consists.of

"'one or two courses in- mathematlcs covenng numb@i’- systems and perhaps some

informal geometry and a method of teachmg mathematics course. To:some -

“extent the 1961 and 1966 recommendations of the MAA’s Comm1ttee on the ~
- Undergraduate Program in Mathematics (CUPM) (4, 5) were 1nﬂuent1al even

though theif emphasis was restricted to the mathematlcal ‘content component.
The . 1971~ GUPM recommendatmns (6) were elearly a revision of the earlier ones

but stlll were ;hrected at the content componcnt of the teacher S preparatlon »

At the semor hrgh school level mathematics teacher preparatlon has changed
. Avery. little since the 1960s. There dre a few exceptlonsa however; more students
are likely to have, been exposed to computers, probablhty and statistics, combina-

- tories and apphcatlons, This situation is probably mﬁre related to’ technological

advances rather than ‘premeditated cusriculum- Tevisions even though.tfiese areas

* were mentioned .in the 1971 CUPM. recommendations. Of perennial concern to
g the profession is the geometry preparation of high school mathematics teachers.,
- A lack of consensus on the part of the mathematics ‘education professron«és 10

the kind of geometﬂ(courses necessary for teachers as well as a waning comm1t- B

PR

“ment from- mathematlcs departments account for much of this problem Sy W?&N

. A recent study by Johnson and Byars (7) clearly 1nd1cates that much prog-
ress has been made by institutions of higher learning in meeting the CUPM recom-
mendations; and supports a need for more coursework in probability and statis-
tics, computer science, geometry, and apphcatlons The study also cites a need for .
experiences specifically des1gned for the preparatlon of junior high schdol mathe-
matics teachers. v o AR 7 :

(.

ln 1973 the NCT M sponsored the Commlssron on Educatioh of Teachers of .

Mathematlcs (CETM) and subsequently pubhshed Guldelines for the. Preparatzon .
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of Teachers of Mathematics (3). These guidelines are stated in terms of specjfic

V'cdmpetencres and mathematical content, contributions of humanistic and behav-
N'ioral studies,.teaching and leammg theory with laboratory and clinical experiences,

practicum and precertlficatlon teaching. They weret,mtended to cover the full*

.+ spectrum of pre-service. elementary apd secondary teacher prep on. A com-
- parison of the 1971 CUPM recommeqdatlons and the 1973 N?‘ uidelines is

difficult because of the difference in formgts. The conclusion’ of the NACOME
report is that there appear to be-ng conﬂlcts in the extent’or emphasis on particu-
Iar topios, however; their Judgment is that the recommendationgand guidelines

ks

are compatible. Taken together they ap elir to be the pertjnent géidelines for.use: ~.

in evaluating mathematxcal edut:atron components of teacher education programs.

' Hopefull®, vrsrtatrons from'the National Couricil for-Avereditadlon of Teacher

*

Educatlon (NCATE) reﬂect consmtent/mvestlgatlon of these prescnbed\tandards
<

-

Tt seems clear that if we are ever to make any headWay, then that mathe-

‘ maties . educators, mathematlclans, professronal organizations, and accrediting
agenkies of certification must all cooperate to produce’a: “cdmplete” mathémiatics

“teacher, The NACOME~report recommendation concemed with pre- zlnd in-service

.teacher trammg Ppresents an accept‘able pos1t10n and a b;1s1s for the remaining

, chapters of tms book *

[
’ AR

prdfesszon 's view of the educational neéds bf mathematics teachers .
- and thd‘t professional organizations take an active and aggressive
role in apprising decision-makers in teacher education, certif cation,

1. That professional org«fnzzations continue Azup.afate and publish the

-' /?% . and accreditation of these views. “ ; s

« 2. That a joint commisszon of NCTM and 2 AA be estainshe to pre- . )

.sent a united pQsition on requirements
. lege mathematics achers .

3. That the professional organzzation,s in mathematics education take
mitiatives to ihsufe that mathematics educators.have a role in deci-
sions relating to the preparation of specialzst teachers in speciaIf

education, _early childhood education, bzImguaI education career .

" education and other areds in which mathematics is part of the cur-
- riculum v - ; ¢ -

4. That mathematics specialists with broad- and Iong-range perspective .
conceming the wgture of mathematics and its role in society (math-
" ematicians and ma¥ematics educ%ors) maintain a prominent role

©  in-decisions concerr{ng the mathengatical competencies of teachefs,
 both in design of telycher education programs-and in the certifica-
tion of tedchers. oy e S

S ‘That neither teacher education nor Certification procedures be
based solely 6n competency- or performanc'e-‘ba;sed criteria Withogtt .
a sound" empiricaI rationale :




6. “Fhat the backgr&und of instructors in both pre-servzce and in-service . .

cour’&es for teachers include not only the. ‘relevant ?nathematical
,. competence but both current experience\and interest in the math-. ¢ . -
emat caI curriculum oﬁthelevel thjse teachers ill teach. o D
. 3\ ) . .
That since the .succescful zmpIementation of ..thrast in schooI
».~  mathematics dep“ends on the reqlistic‘acceptance of that thrust by
., teachers, programs seeking national\acceptance must identify the' s

. factors promoting -such acceptance and integrgtg these imto in-
. \g_,_ service workshops Among the f%torsconszdered shouIdQ/\) .

1

-
4

_ y ' -the conditians under which the teacher is attending the iystltute

\\

) —th.e teac er sﬁ\zfportunzty to make znput into the pmgram \

N

oy

B -—the teach r.scgwtunity to adapt methods or materials to his
- or hero ster of cIaSsroom _instruction, . .

‘ ~the opportunity to air mzsgzvzngs and apprehenszons and Yo brain-
. storm_ both future difficulties of Jmplementatzon and aIternatzves
for avoiding or handling them, e~

-4 That schooI districts, teacher o;ganizatzons and' sponsoring agencies

* of teacher education programs should work together to identify the

conditions that will promote teacher participation in in-service pro-

‘grams. Possible factors might be released time, educational leave

time, university' credit, stipends, credits toward other negotiated
beneﬂts and incentives teaching materials ; -

. 9. That teacher educatzon pIace*emphaszs in the foIIowing areas:

*
.

Y

[}

- Y..a) the -development of process abilzwti‘ebfhat is, abilities in logical

: reasoning and probIem solving, methods of developing

these abilities in chiIdren ST ' . '

. B . [
b) deveIopment of teacher judgmental abilities to make znteIIz-

" gent decisions abou? curricular issues in the face of growing

-outside  pressure for fads and uninformed poIzcy, .

cJ recognitton that skills of statistical inference and the abinty to

. deal intelligently with collections of information are amongthe . -

-~ . essential Tinimal skills required by every person. in today'’s —-

' " world, - ‘ . \ '

- d). appreciation of the .uses and appIications %f mathematics in’
. the solution of reaI worId”probIems /0

: e) deveiopme\it of skills in teaching th effective. use of computing
N and caIcuIating machines in soIving P bIemr .

¢
7 o -
') . .
¢ X . t._;)

ah




f) for secondary teachers Iiteracy in at least|one probIem soIvirﬁ'

ST programming computer Ianguage and grasp-of the rssues in com-
.puter Iiteracy, o N -~
» ) . 4 . - .
e g8) preparation.,gf new teachers to enter reaItstrcaIIy the existing
h ‘ \.gchool s}stems a&wet{ as to particrpate in emerging trends (
- T J (9 139’-4]) _ . , ﬁv\‘
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.SUGCESTIONS FOR KINDERGARTEN - *
| MATHEMATICS TEACHER EDUCATION = - {

- - Y B ’ A"'.‘: ™\ .

, Kathryn Castle, Assistant
- Department of Curriculurn and »
Oklahoma State University, Stillway¥, Oklal;rbma .

' '..‘.|’ . "v
' . « I

. “Asa result of her extensive research. 1nto recent trends of curr1culum devel-
opment, Weber (10:2) has described kindergarten as a¥'no-man’s land” in whlch
not much 1s happemng in the field of educa“tlon ', o ,@ s ‘

-

Although the(e has been much actmty at the preschool and arly primary
levels (ghades one to thres), mnovatlve programs at the kindergarten level have
been mofe an afterthought than a main concern. Many .cu reschool: ,,pro- ’
grams, such as the Follow Through programs which developed an extens1on,
of Head Start,, have ‘been designed’to be carned over into the kin rgarten whxle
early ary programs, many based on textbook series, often attempt to extend
down to the kindergarten level. There are, however, few, if any, speclf' ic model
kmdergarten programs‘ . S e e

As an area of educaltlonal specrahzatlon, kmderga,rten been possessed ‘by :
-no~one yet claimed by:almost everyone. The kmdergarten level is tacked onto

* several types of teaching certificates. Elementary certificatiqn often 1ncludes :
kindergarten as the lowest level. In many states ‘(e.g., Oklahoma), elementary
certlficatlon mcludes kmdergarten through eighth grade. , )

A\l
W

. Th1s also. tends to be true of early ch11dhood educatlon certlﬁcatlon which
‘may iniclude ‘nérsery school’ through second or third grade, or nursery school
. through kindergarten, as in the state of Oklahoma. No mafter how they are
cl1v1ded teacher certlﬁcatlon programs often overlap at the kmdergarten level.

Q@

" As a result of overlappmg certxﬁcatlon, two basic channels or.programs Tor
kmdergarten teacher ‘education “have emerged: (1) elementary education and
. (2) early ch11dhood .education. These programs dlffer'm a number of ways in
eir approaches to ‘teacher education generally and to- ‘mathematics teacher.
ed cation specrﬁcally in terms of'(a) their views of the discipline of mathematlcs,_
'(b) methods of teacher _preparation, and, (©) teacher products of the programs..
These differences result m*ihvergent views - of the role of m"athematrcs in the
kmdergarten S ‘ d . N 5

" The elementary teadfer educatlon approach often- empha312es mathematr_cﬁ
" as a distinct - discipline and a separate area of the curriculum ﬂ’hs approach~’-
* encourages future teachers to learn the structure of the discipline and how to
. teach it using various current’ methods and matenals The early childhood educa- -
- tion: approach generally focuse .the child as an area of study and encourages.
future teachers to understand how children leam mathematlcal concepts in order
“to becotne a facrhtator of the process S L -
1 e o - . Lo ' . .
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o . . -
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. These two d1fferent approaches are reflected in d1vergent q/assroom practices. -
" by the twé sets of teachers who emerge from the programs. The kindergarten
‘teacher from the elementaty program tends to perceive k1ndergaxten a$ a period
““df preparation for first grade and a'timé for chlldren to become serious abo\ut the
learning ‘ocess Priority is placgd on léatning to sit-quietly, to pay attention,
' to*‘!eam'to follow rules agd/a’:euo'rders Play is regarded as an activity for out-
ide school Ho or. for recess time. Children are often admonished to “act like

Tfirst, graders, not klndergarten ,)ables -4 0 S \ C“v
The kin en teacher fromethe early chlldhood’ education prograﬂ) tends -

_to” exond: tie goals of nursery school, ed_ucatlon irito kindergarten and views
kmdergarten as' an m'fﬁortant tiriie of initial adJustment to school’ra\ther than as a
penod of preparatloh for. a‘future level.. The- emphasls is on providing a positive
first*s ol'experrence so that the child wﬂl enjoy school and want to leam Play
o is pyé:oc::ed asavehrcle for learmng - R 4

©

‘Ofher b_)o’dlfferences surely e)ust in theatwo approaches and deser\h, further
. exammatlon e : R o oot L
Who Teachos mthe Kmdergarten" o ey

L

—_ B

3

; Probably mOSt ofthe pubhc school klndergarten teachers who are teaching
§b®y were trained in elementary teacher education programs. Early childhood

- teacher education programs are mcreasmg in number, however, and teachers from .
these programs are being hired more frecluently for kindergarten teaching. In
some areas where this ty& of program has gained prommence, public school
administrators in charge of hiring are givirig preference for kindergarten jobs to
teach&rs tramed in these" ‘programs. However, this ténds to ‘be the exception rather
than the general practice. Very often, in- order to deal with budgetary problems
.and- decreasmg entollments, elementary teachers and eveh junlor. high school
teachers are. bemg re&ssrgned to(kmdergartens in order to keep them e!nployed

hr general there are bas1ca11y two types of puigaehool kindergarten teach- ..’
ers: those trained in elementary programs and th ét, Y rained in early childhood

",eglucatlon programs. - These two types of teachers d¥er not only in training but
als'brnmethods ofteachmg T oL

\ ” » /v

Differences in Tmining. Many elementary teacher educatlon programs
requxre & minimum of mathematlcs courses such as*\'gne course in arithmetic for
-« teachers ‘and- another course in mathematrcs -methods. The formér coursezmay
emphaslze b mputat10na1 skills and may or may not deal with- educational -
applications. The. mathemat1c§“methods course is usually aimegd at teaching at
“'the fourth grade level since certlﬁcatldn may -he kinder: through eighth
: grade This ‘“happy medium” approach does not teach the s?d‘egnmxer how to
, deal with -the needs and. abilities of thé kmdergarte’n-aged child. It i3, taken for -
" ‘granted that somehow ‘the student teacher will know" how to -“‘water down” the
“fourth grade mathematics, cumctﬂum to kindergarten level. The result is ofter
dlsastrous with children and teacher both becomrng very frustrated and anxious;.
over mathematrcs - : ;

Y
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. ,-children, primarily ‘because theit training’

[

El'ementar}r teacher educatlon programs requ1re many d1sc1plme-or1ented-

. courses (such as social studies and language arts) and tend-to neglect or,only min- -~

imally incjude child development courses. The major thrust is on the separate

Wlule this approach may be appropriate for the oldeér child, it is not too
benefic1al for the younger-child who is just learning to be a person ] involved in the

- educational procgss and who needs a support1ve adult who understands the young .

chlldsneeds and capablhtres - _ S SN

. .Future teachers aré: mstruoted to teach subject matfer rather than -

- In h1s d1scu§smn of the role of the teacher of young chlldren in mathematlcs-

: mstructlon Spodek (9 153) states
"o o " ,?"'

Although she neéds to be know’(edgeable 0 mathematzcs and of meth-
ods of teachmg mathgmatzcs mo a mpOrtant is her sensmvn‘y %o cth-

dfen e ‘s »

Copeland (3)"points out that a major.problem in,tralning elementary, teach-
ers is that they .are more interested in ‘t

. than ch11d development L

v

. - -Some elementary te%:her education programs do th prov1de expenences m
workmg with ‘children until the student feach1ng experi¢nce which usually occurs
during the final semester of the prbgram. The: récent trend, however, seems.to be
toward more field-based experiences with children.at earlier stages in the’ prOgram

While this appears to ‘be_a worthwhile trend, it would be even more beneficial if
.the experiences were”at a vanety"’of grade levels ‘or-at those leve'ls where. the stu*

dent is more likely to be later employed' as a teacher A/student teacher ‘whose -

Ls
.

experiences with chrldren ha'e’ Heen in fourth grade -or above may find it diffi-

" cult to relate to the kmdergarten-aged child, and thi /s student teacher could vety

" well become employed.as a krndergarten teacher. Many eli entary educatlon-

student teachers placed in the kmdergarten for student tea gvcomment that
' they feel unprepared for the job and -frustrated i their: attempts to teach subJect .

‘matter- to chrldren who won’t “sit” stlll and pay attention.” -

On. the other hand early gh#ldhood teacher‘educat n programs tend to

in child. development and learmifig are required. The1r.ma_]or thrust i is to give stu-. .

’ .emphaslze understandmg children and h‘iv they learn. % result, many courses

'

ching subject matter than in teachmg -
in methods and content area¥ rather»

". . dents an understandmg of the needs and abilities of young cluldren as 'they pass

* from one stageé of development to another. Their emphasis is on teachmg children
rather than subject matter. Théir aim is to prepare students to’ better relate to
young ch11dren and provide for their needs ' o : -

N BTy

'Early chrldhood educatlon prongs are similar ‘to 'elementar'y education_ e

programs in requiring a minimum of mathematics coursework Early childhood
_ programs, however, often combine mathematics methods with other curriculum
areas suchi as ‘science or social studies. Although this may reduce the total amount
of mathematlcs exposure, it may also demonstrate the 1nterrelatedness‘of the vari-
ous cumculum areas. Lo
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_While elementary education students suffer from the “‘water down §yn-

. drome early childhood education students are exposed to the ‘“‘water up” ap-

proach. They are required to apply what they have learned about nurséry sohool_

children and their instruction to the kindergarten ¢hild. This approach may result

tr‘: activities which are not challenging enough to the older child and in unstruc-
r

unplanned programs. »

m\ o . ‘ . ~_
Early childhood education students are often exposed early in the program
to experierices working with young children in university laboratory nursery
schools. However, they usually are not exposed to older children until student
_teaching in the public schools which often occurs during the final semester of
the program. These student teachers, when placed in the kindergarten, often
comment that they are apprehensive about working with large groups of older
children since their experiencés have been limited to situations with younger
children and lower student to adult ratios. Many have remarked to the author
that they feel inadeqliatelyprgp‘ared in music, science, and mathematics since

these areas seem to be less emphasized in their program. :

" Differences in Teaching Practices. These two approaches to teacher-educa-
tion result in differences in teaching methods and mathematics instruction in the
classroom. The elementary education trained teacher concentrates more on teach-
.ing content and subject matter which will prepare the child for first grade instruc-
tion. ‘The kindergarten. teachergn.‘a:y feel pressure from the first grade teacher,
parents, or the principal, to have children counting and doing simple\ arithmetic
computations by the end of the year. To accomplish these goals, he/slll}\\ly use a
‘kindergarten or pneschool component of a mathematics textbook series whigh has
been adopted for use in the upper grades. Workbboks and dittoed work sheets are
favored to provide mathematics activities and problems The teacher may attempt
to teach the wntte_n symbols and verbal labels for numbers from one to one
hundred thrdugh drill and rote memory exercises. She/he may also set aside a’cer-
tain penod of the day, such as a thlrty-mmute period devoted solely to mathemat-
ics instruction.

~~The teacher from the early childhood education program micy not set aside a
specific time of the day for mathematics instruction, but may randomly attempt
to incorporate mathematics activities into the day-to-day classroom routines such
as having the children decide how many napkins should be distributed for snack
or how many children should be allowed to work in a particular activity area. The
teacher may also provide a great many manipulative objects for children to sort,
class:fy, or count. The approach tends to be more activity oriented with an em-
phasxs on unstructured play rather than on rote drill of mathematics facts. Science
- and mathematics instruction are often combined into the same activities, as if by
doing science ¢pperiments, ndathematics is somehow automatically taken care of.

What's Missing? The elementary teacher education approach fends not to
provide a basic understanding of children and how they learn as well as an expos-
ure to materials and activities appropriate for the kindergarten level. The early
childhood teacher educatlon approach tends not to provide sufficient instruction

o27
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in area of mathematlcs and in planning mathematxc{ programs for kinder-

. garte chlldren Both are lackmg in prov1d1ng enough, field-based - expériences
working with kindergarten children early in their programs. Both would probably

_ be strengthened by providing 1ncreased exposure to the apphcatlon of mathemat-
.ics instruction in the kmdergarten classroom

-t

Whlch approach, if e1ther, is more educationally sound? Which approach, if»
either, is - more appropriate for tedching how to provide initial exposuretp math-
ematics learning? Which approach would do more to prevent or aHewat‘%amer
"anxiety toward mathematics? Which approach would better prepare individuals
capable of thinking in new ways and solving problems which may confront them
in the future? These are difficult but important questions which will remain
unanswered until the necessary educational gesearch has been conducted. Much
may be gained, however, by an examinatiop> of the kindergarten level and the
charactenstlcs of kindergarten-aged children. Implications may then be drawn for
the 1mprovement of teachereducg\lon programs in general.
S

’ Kmdergarten as Transmon

The 1dea of the kmdergarten or “children’s garden” was ’adopted from the
German model established by Friedrich Froebel during the 1800s.” It wag brought
to Aimerica in the late 1800s and began to flourish during the early 19&05 Only
recently, however, as a result of legislation has kindergarten become mandatory in
most states. : {011 ‘ : /

Durmg its - exlstence the kindergarten has gone through many ‘changes and
social reforms. Today it is generally considered an integral part of most public’
school systems and prov1des the ﬁrst school expenence m formal educatlon for
many children. . | e ‘-f, RS \¥, -

Kmdergarte.n\ is a misunderstood level probably because 'ft ep;esents‘m
many transitions and changes for-the child. It is a penod oftrans1tldnu(.lt),f-mm
the home to the school; (2) fram parent influence to peer influence; and (3)-from . -
limited motor, social, and cogmtlve skills to the development of mcreased skills.

While kmde.artens are a part of most pubhc schools, they tend to be sepa-
rated physically from other classrooms, often cated. at extreme ends of the
building or in separate buildings or temporary cubicles. Many schodls even provide
a separate playground area for kindergarten children. As a result of these factors,

' kmdergartens tend to become isolated from the daily ﬁlutme of the'school.

~ Although there are many all-day ‘programs, most kindergarten prOgrams are
composed of ‘two half-day sessions for separate groups of children. For various
reasons the younger children usually attend the morning sessions. Curriculum
content varies from school to school but tends to range from highly academic,
with a concentration ,on reading and mathematics instruction, to highly social
and\unstructured with a concentratlon on “Eree play” experiences.

X




' Characteristics of the Kindergarten Child. The k1ndergarten child is usually
between five and seven years of age, and in most school districts must have reached
~ . the age of five on or before the first of November of the school year in order to
‘attend. According to Riaget’s perlods pf cognitive development (8), the kindergar-

: ten-aged child would be beginning the transition from the preoperational to the
"concrete operationallevel. Because of individual differences, however, all children

.in the same classroom will probably not be at the same level of cognitive develop- .
ment s1multaneously Some chxldren will be at the sensorimotor level, others at,

the preoperational level and a few at the concrete operational level. This is why
individualized instruction is so important at the kindergarten level. Children
from a variety of backgrounds bring a variety of experignces to the classroom.
Some kindergarten chlldren .may. be able to read, recite numbers, verbalize their
ages, and e .conserve number. Others will not be able to do these things until
. they have the appropnate maturatlon and learmng expenences

In general kmdergarten children tend, to be highly enthu31ast1c about school,
intrinsically motivated' to learn, and eager to please the teacher. However, they
also tend to be egocentric,’ ylewmg the world from one perspective—their own (7).

How Children Learn. -Young'children learn by doing (2, 7). Their learning is .

active and should engage them in challengmg experiences with concrete objects
‘which represent .physical reality (6). Learning proceeds from the concrete to the
abstract. Chilgrén learn about concepts through interacting with the environment
~ and with"other people. Abstract thought is not developed until the period of for-
"mal operations which bégins around age 11 (8). Until then children are bound to

the. physical world and respond to learmng activities which make use of physical -

. objects and activities (9). .
;- .

K According to Copeland (3:208): .

«

¢

Children in the elementary school, however, are not ready to _
work at the abstract level with formal logic and proofs. They
“are very much a part of the physical world. Mathematics for
them should be exploration and discovery—an indyetive ap-
prqach through the physical world with concret, jects.

Copeland prov1des many valuable suggestlons for teadés based on how children

‘learn rather than on how to teach subject matter. He has drawn implications from

- Piaget’s research concerning children’s cognitive development. For example, he
says that. elementary teachers work with children at the concrete operational level
and that logic activities should be introduced only as they relate to objects in the
physical world. Therefore, the use of workbooks which are two-dimensional repre-
sentations of reality are not appropriate for the preoperational child who needs
hands-on experiences - with concrete, three-dimensional objects. For example,

* some mathematics workbooks are designed for the kindergarten level centaining

punch-out cardboard discs representing pennies, nickels, dimes, and quarters used -

to teach money and counting concepts. While the usg of these tokens is probably
better than mere pictures of the objects, they do not adequately represent real

o y
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doins and are often not the actual size of real ¢oins. These tokefs can be quite -
- confusing to the young child who has had limqﬁed experiences with money and (
‘ ’may'J not yet be able to conserve number much less understand suc’h'abs'tractj
notions as five nickels.make one quarter. Why not use real c&ns and minimize the
confusion? - ‘ ’
B ‘ « ) ” /’/ ‘
In his discussion of the content of mathematics programs, Spodek (9:139)
stresses that D . . :
teachers of young children can plan inany fruitful mathematios experi-
ences without recourse to textbook or to lecture and recitation sessions.

.. .The endless opportunities available in any classroom for counting,
comparing, and measuring, provide children with a wealth of opportun-
. ity to do mathematics. oo o ' e
- . T
These experiences with real things. in thefchildfgn__’s environment, if
used appropriately, can keep children from feeling that mathematics is’
something strange, totally theoretical and completely alien to their lives, )
a feeling ‘that can be communicated when miathematics is taught in a " '
rigid, fotally abstract way. ., .Often it is the way mathematics is taught =~
. ‘rather}\han mathematics itself that creates learning difficulties. )
o Accg)rding to Piaget (8), miost children do not conserve number until around
,age seven or eight. Yet it is often assumed’ tliat the child who can fecite numbers -
from one to ten has also developed the underlying concept of number.

»

I;iagét stresses (8:144) that - " - E : ’

* . . .the child may be taught to count, but ¢xperiment reveals - _
_ that the verbal use of the names of numbers has little connec- Con
r - tion with numerical operations as such,'whicH sometimes pre- ”
"‘cede counting aloud and sometimes follow it, with no neces-
- sary bo'nd’betwéen‘ the two. . o

Spodek also maintains that verbal counting in kindergartc_an.is bften accepted -
for basic understanding (9:14)]). D .

-

;' What too often passes for counting is the ability to recite the names of
. - numbers in_sequence without any undéfstanding of the idea of the
number that corresponds to a given name or numeral. :

We should never mistake rote learning for basic understanding. Yet much of *
what passes for-mathematics in the kindergarten are activities in rote memoriza-
tion. This can be seen in the emphasis on teaching the calendar and clock time.
Wl_ijle memorizing days of the week in order may in some way be a justifiable
learning experience, it is not an indication that the child understandsthe concepts
of days or weeks or months asanits of time.




. ’ - ’ \.’ ’ . - )
The “back to the basics” slogan hgs belome a very popular one recently. At
o : the kindergarten level, it would probably be more appropriate to “go forward to - -
¢ - the basics” since basic concepts such as number have never really bedn greatly
A) emphasized in kindergarten- Perhaps if we are really interested in *“going back to
\ the basics,” we should begin at the kindergarten level by replacing the-emphasis
on rote learning of verbal number names with an emphasis on developing a “basic’
- understanding of the cohcept of number before requiring ch1ldren ‘to performf
more abstract number operations. ‘ ! . _ R
- : * ' o :
S ) Sugjesttons for Teaching Kamii and De Vries (4) provide some valuable
%~ . * ~ principles for teaching number based on Piaget’s research..Three of these princi-
» ples include teaching number concepts when useful and meaningful to the child;
figuring out how children are thinking; and encouraging children in a general way
to put all kinds of objects events, and actions into relationships. They point out

that -

Cuisehaire's ‘appfroach to teaching number with rods reflects ‘the com-

mon confusion between discrete and continuous quantities For Cuise-

. “Tgire, the I-cm rod stands for “One,” the 5-cm rod stands for ‘five"

' and the 10-cm rod stands for'‘‘ten.’’ For Piaget and most young chil-

’ dren, however, each of these rods can only be “one,” since it is.a single,
" discrete object. Number involves the quantification of discrete objects, .

and therefore cannot be taught through length which is a contmuous

'quantlty (4: 16)&7 . . . -

Other " specific ‘stggestions for teaching  mathematics in the kindergarten
based on the knowledge of how children learn can be found in Copeland (3). In
addition, the Thirty-Seventh Yearbook of the National Council of Teachers of
Mathematics, ‘Mathematlcs Learning in Early Childhood, is an excellent resource
for current research act1v1t1es ans matenals (5 ) . o .

X " An outstandmg example of a mathematlcs program designed for ﬁﬁblic
school kindergarten chlldren based on their natural ways of learning was imple-
mented duting the 1976-77 school year by Dr. Alberta M. Castaneda of the Uni-

-, versity of Texas at Austin. Currently Dr. Castaneda is extendmg her program at
-thefirst grade level and has plans for publication of the results of her project at
a future date. This mathematics program is based ‘on concept development and

+ oral language use. She intains that before children can read, write, and do ,

- mathematics, they mus%| abJe to “talk’> mathematics and verballze the mean-

. mgs of symbols before they write them. The concept of number does not exist in
the real world and must be developed from within before the child is given the
written symbol. Dr. Castaneda emphasizes building meaning through concept
developmerit and orag langua‘ge acquisition. She has devised a number inventory
to assess number concepts in five-year-olds. Sife has also des1gned a sequence of
activities f@r teaching based on the child’s dev?lopment of number.concepts. One
interesting finding of the project isthat kindergarten children performed better
—on_the number inventory when objects were available for manipulation during
testm Castaneda stresses tfk -importance of deyeloping the basic number
concepts before progressing to more abstract manipulations. *.
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In summary, seven suggestlons for teachmg mathematlcs at the kmdergg_rten )

level include:
Y

-1 Figure out where chiIdren are developmentally through observation
- of self-selected activities and questioning technzques .

2. -Match the materials and activities to each child’s level of deveIop-
ment. - _ . N

3. Use manipulative materials which are appropriate Iearning matenaIs
for aII levels of development.

. : RN o
: 4. »Integrate mathematics Ieaming throughout all areas of the curricu- \\

“lum making the whole classroom intoa mathematics laboratory.

-5. Capitalize on the child’s intrinsic otivatton to learn by provlding
vactivities basejd on each child’s in?egests ‘ ~
6. \CapitaIiz'e on’the child’s tendency to rntera with other children
\_r and use this for grouping or pairing children d ring problem-solving
. activities. The use of mathématics games and activities involving
. two or more children enhances roIe-pIaying development as well as
mathematics Iearning :

7 Use everyday experiences such as the disiributlon of materiaIs to
' teach number concepts.

’ SuggestSbas jg"o Teacher Education Programs. ral, teacher education
' programs epare kmdergarten teachers should at least provide some expe-

_ /
 Jeacher education programs should strive to expose students earlier to work-
ing wit #dren at a variety of educational levels so ‘that students will better
understand that the developmental process is a continuous one. Many programs
are attempting to do this through classroom observatiohal experiences during the
sophomore and junior years. While early observational experiences are worth-
while, they become much more valuable when students are guided through use of
observational instruments, or follow-up dlscusswn seminars, or assignments in
which students actually plan activities for and interact with young chil gﬂ:

“Although students in teacher.education ptograms should probably be required
to take more courses in mathematics, often this is an unreasonable goal because of
the many other necessary degree and ,certifigation requirements. However,

attempts should be made to improve minimum course requirements to make them «

more relevant and useful, One suggestion would be to provide a variety of mathe-

matics methods section options for those interested in early primary graw

o
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for those interested in later elementary grade levels. As a result, methods courses

could be designed for ins ruqtion at a more appropriate level based on student

interest rather than on the current “happy medium’’ fourthrgrade level to which |
all students are ‘exposed. Courses in arithmetic for teachers)could be made Tnore -

relevant through emphasis on the practical application of teaching computational

skills through assignments in which students actually work with children as tutors-

or instructors.

Either - through mathematics coursework: or methods instruction, students
should learn to understand the interrelatedness of the various curriculum areas.
In an attempt to provide adequate instruction, we have often presented the vari-

us disciplines as isolated segments. A more interdisciplinary approach is needed
to show the relation of mathematics to other curriculum areas such as science or
music. In this way students would perceive learning not as fragmented ‘bits of

" information but as a unified whole. Mathematics has traditionally been taught at

_ into consideration how they develop mathematics concepts. A concentration on®

all levels- as an abstract body of knowledge. We can no longeér afford to do this.
Rathier- we need to approach mathematics education as a useful survival tool
with practical application to_everyday life and the furtheranee of creative ideas.

Finally, ofie of thesmost important suggestions for teacher education pro-

grams which prepare kindergarten teachers is to refocus on the importance of

understanding children and how they _léarn mathematics concepts. Until we as

. teachers understand the developmental learning process, we cannot hope to

i;nplement worthwhile mathematics programs.for young children which take

the -social - transmission of mathematics “facts” will continue to produce indi-

_ viduals who have memorized formulas and information just to get.by, who have

" not adequately developed the basic 1_mderlying~ concepts, and who as a result are

.-;Q. A
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afixious about mathematics. : . e
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Five general suggestions for improving teacheér education programs can be °

summarized as follows: - ”. .

" 1. Increase andyfor improve mathematics course requirements so that
they are more relevant tq educating the young child. :

P

kindergarten mathematics prograras and to ‘working with younger
-children. - : o

'3, Stress the interrelatedness of the curriculum by showing the r.ela-"

3& tion of mathematics to other curriculum areas.

4. Encourage the understariding of the use of mathematics education’
as a practical sur{’il_»al tool rathgr than as an abstract body of knowl-
" edge. . ' ' ' . : -

~ 5. Place major- emphasis on understanding young children and how
they develop mathematics concepts. > ' -

/ I .
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2. Expose students earlier in the program to actual implementation of } '
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s " Conclusion : ‘ ) ‘

—

, Kindergarten has been a misunderstood and neglected area of teacher educa-’
~ - tion. It is time to rethink the importance of this level .as a special time in itself -
in which all children are “ready”” for some type of mathematics experience. The
. “no-man’s land” of he kindergarten needs to be developed into a state of its own
and valued for its significance as an initial introduction to the formal educational
? process. S '

o .

- y

. If it is true that the-early years are the most important in setting the stage’
. for learning, and if it is true, as Piaget (1) states, that :

_ the principal goal of education \s t0 create [humans] .who are capable
of doing new things, not simply of repeating what other generations
have done. . .[humans] who are creative, inventive, and discover. : .:

then we can no longer afford to continue the approach of social transmission of -
. .mathematics facts to young children. Kindergarten ‘mathematics programs and
. teacher education programs must take into consideration how the young child .
learns; they must stress the need to capitalize on the young child’s intrinsic moti-
vation to Elevelqp{ mathematics concepts as well as the need to facilitate the devel-
* - oOpment of the capacéty for inventive thought.

v 3
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. THE ANSWER:;;O THE PROPHETS OF DOOM:
- 'MATHEMATICS TEACHER EDUCATION

T e _ __ 'J'oh;n-\C. Mihalko, Instructor,
- . Kent State University, Kent, Ohio

g . - . »

.Change' e, .

) “Siudents in our schools‘tz%y %iie" unable to solve the simplest math prob-

le\_ms.” “Test scores are steadily getting lower.” “Students are graduating from our
schools not being able to add, subtract, multiply, or divide.” “Children today can-
not handle a fractional number.” “College students cannot do a basic mathemat-
. ics computatjon.” These statements appear daily in our, newspap and on our
TV screens and radios. They.reflect the concern of parent administrators, and the
general public, Changes have been,mide in textbooks, syllabi, and even in the

physical design and facilities of ‘schools. But they have effected)little change in

‘student performance. If there is to be an improvement in students’ mathematics
perfonnanée in the primary, elementary, and secondary schools, it. will be the
result of .changes made in teacher education institutions. “Quod non habet, non
potest dare”’.(What you do not have,you cannot give) is the striking reality exist-
ing in many classrooms today. = . . .

Rationale . 1,@ . - .

Historians predict that.unless we examine and learn from the past we are
ﬁllﬁilrhent*in the asea of mathemitics education. .- .~ .

LY . [d M
*In 1957, the, launching of Sputnik drew the spotlight of examination to the
performance of studentsin the science and mathematics classrooms of our schools.
Their performance was below public expectations. Cries 'of indignation arose and
‘were brought to us through the news media. In the area of mathematics; educa-
tors proposed the *new math” as the elixir which would improve performance.

The “new math”. was introduced with. great haste, a magnificent “press,” and

little teacher preparation. Textbooks were advertised featuring the “new math’’
approach. School systems adoptéd textbooks based on advertised claims and
pointeéd to them' as proof that an effort was being made to improve children’s
mathematical performance. When there was no' significant improvement in stu-
dent performance, educators began to question the validity of the principles of
the “new math.” In its recent report, the National Advisory Committee on Math-

* ematical Education (NACOME) affirmed that the “new math” is sound in prin-
ciple but that its implementation had been poor. The “new math” had hot been
tried and found wanting; it had not really been tried.
. Twe‘nty'years later low student scores'/reported on standardized tests again
drew the spotlight to the poor performance of students in the mathematics class-

- room. Again;thé news media gave great attention to the public cries of displeasure.

o
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"f"cbndemned" to relive’ it It appears that their prediction may besin theé grocess of
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, And, again, \a remedy has been. proposed—thls t1me in the form'of the back-to- s
. basics and competency-based educatlon movements. Textbooks featuring the

back-to:laaslcs approach have -appeared ‘on the market, and states are legiSlating
' competency exammatlons in elementary and. secondary schools. Again, we are
movmg thh great haste a magmﬁcent “press,” and httle teacher preparatlon

- We contmue to treat the symptoms rath:§ than the dlsease When children
are unable artd unwrlhng to learn mathematics this is a symptom that mathematics
'is not being taught in the manner in which children learn, Preparing: teachers to
teach matherhatics is the respon51b1hty of teacher education institutions. It is, té
these institutions, therefore, that we look for leadership in curing the dlsease and '
in assuring the future mathematical health of students.

It is essential for teachers to know more .than they are expected to teach

~ and to be able to learn more than they already know, for withiout such knowledge

progress is essentially impossible.”” (2:5) In.the cognitive area -we need a teacher
_education curriculum which assures knowledge and competency in mathematics’
.as well as a knowledge of the philosophical, historical, psychological, and socio-
_logical .aspects of education. In the affective area we need a stlmulus for the.-.
growth of teachers ability and des1re for knowledge

-

Math Anxrety

[

The mathematlcs courses presented to future teachers in pre-Serwce training
need to be fashioned not only to prov1de solid mathematical content; they also
need to be presented in a manner which will help future teachers overcome math

N anxiety. Possibly/one of the most serious handicaps of prospective teachers,
~/
. especially those preparing for careers in primary and elementary schools, is thexy

- féar of” mathem: tics. Many are honest ehQ\gh tczmdmlt to some degree of anxiety .

t that they never really under-
stood mathematics. and that’ they are convinced no amount of practice or drill
will help them. Some have aliways memorized rules and procedures and been able
to perform satisfactorily, bu they now realize that that is an inadequate prepara-
tion for teaching ma;hematacs Math anxiety can also be inherited. A parental
comment regarding a failing or poor mathematics grade is frequently, “T never
understood or liked- math when I was in school either.”

\M'th anxlety may’ haye cultural roots. Women in our culture have not been
expected to excel in mathematics. Little attention has been given to the difficul-
, ties they experience in Iearning the subject since the “mathematical mind” has
been .considered a male attnbutKWomen therefore, are pnme\Candldates for
mathophobla Yet female teachers™constitute the majorlty in primary and ele-
mentary schools. They cannot be expected to generate enthusiasm and excite-
ment for a subject for which they have fear and anxiety. If the cycle of matho-
phobia is to be broken, it must be broken in the teacher education institution.
“The fears of both male and female teachers need attention.
With the assistance of a grant from the Fund for the Improvement of Post-
Secondary EducatiOn (Department of Health, Education, and Welfare), Wesleyan

y
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' University in Connecticut has opened a “Math Anxidty Clinic.” Its purpose is.to
~serve undergraduatcs who admit that. they cannot cope with theit math fears and
- difficulties. The clinic interviews and diagnoses students and provides therapy and
"counseling in a nonthreatenmg, supportivg, personal atmpsphere Here the psycho-
logical or emotional causes of math anxiety can be deteﬁxnned and-treated. | o

Y

R R

" Similar clinics which would also deal with the cognitive aspects of mathemat-

ics anxiety would be a welcome addltlon to the teacher education program. An

important function of the math clinic would be to persuade teachers, learners, .

and those who make educational policy that ‘“mathematical abilities are’ accessrble

P « by the ma onty, if.properly taught and if accompanied byfhe right kinds -of sup-
- " ..~ port.” (6) These clinics would serve the future teacher by strengthening individual
Coa T mathematical’ weaknesses and filling in the gaps of the teachérs’ mathematical
: ) 'background The -erpphasis would be on understanding mathematical concepts
‘.l operations, and procedures . : - . '

N
~

| Individualization A R T )

‘ Our phllosophy of education in the past was based on the liberal arts At.
present we have ‘a philosophy of education which could be ‘termed “‘economic”’
since we.are ever,concerned with the ecoriomy of time, effort, and finances. There
, ~+  are indications ﬁl around us that the educdtional philosophy of the future will be
o humanistic. The curricutum will be individualized with special, attention given,to
' o - the unique goals and needs of each learner. As individualization becomes-a more
prominent element in -the mosaic of education, teacher education institutions
~ must begin to teach the observational technigues by which a cMMdlwduﬂ
P .cagnitive- style can.be determined. Such a determination will not only allow learn- -
e " ing experiences to be customized for the student by the teacher but it will alsq ,
) ‘give the child the self-knowledge to allow a choice’ of activities in the cognitive
' ~~ modes bes suited to ea h learner. . , Lo
. - ‘ : Ve
Teachers will need to know the language and symbohsm required to prepare :
\mterpret and utilize the chlld s cogmtlve ‘map. They will need to diagnose the
4 . ' strengths and W.caknesses of each child and to communicate ph&homena and prob- *
S " lems in exact ‘and precise terms. Teacher education curricula will need to include
some form of educational 'science, i.e., symbols and terminology similar to the
o COgIllthC -style mappmg symbols and their meanings pioneered by Dr. Joseph Hill
of Oakland Community College in Bloomfield Hills, Miphlgan @). .

Another related phase of mdrvrduahzatlon is the diagnosis and prescrxptlve
. remédjation of a student’s mathematical dlfficultles A hatbinger of this thrust
e * was the initiation in 1977 of a national organi;at of educators,-the Research  ~
e Council for D1agnOst1c and Prescrxptrve Mathematis. Teacher educators need to
be attentive to the work of this organization so that they may incorporate into
“tieir programs_the techniques and procedures needed by classroom teachers to
successfully determlne student difficulties and to prescribe effective remedlatlon

’ ) ‘ . } - ’
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-and'application levels of questioning occur frequently in the classroom (1:271-77)» __
The analysis, synthesls .and evaluation levels of qutstioning are seldom demon- -

. Chmcal and F reld-Based Expenences

_ -
Learning Theory

Mo els of mathematics methods courses are as vaned as the -number of teach-
er educatlon institutions in' which they are taught. A common denominator
among these methods courses should be the translation of the resegch results of
learning theorists into teaching methods. Yet, although the nam¥s of Piaget,

Gagné and Bloom are familiar to most teachers, and their theories are explained |
and dlscussed there is little evidence of the application of these theories in the .

classroom. Primary and elementary school teachers have attempted to apply these
theories to some degree; but the as yet unmet challerige is the\lmplementatlon of
these theories in secondary school mathematics methods cdurses. Across the

L _nation we find the lecture method prevalent 1n1secondary school mathematlcs
_ classrooms.. Students remain passive. Jean Piaget spoke to this situation when he:
_addressed the Second: International Congress on Mathematical Education at the

University of Exeter'in 1972: “It would be a great mistake, particularly i in;math-
ematical education, to neglect. the role of actigns and to always remain on the

- levet of language. . . . Acfivity with objects is. mdlspensable to the comprehension

of arithmetical as well as geometrical relations....” (5:80) We have seen little

change in secondary school mathematics methods courses resultmg Srom th1s state- .
)ment i - _ - R L

: AlthoUgh some educators complam that educattonal research is concentrated
on young children and little of jt is appligable to secondary school students qr to
adults, ‘Robert Gagné makes ﬂ'lt pomt that zeammg is a human actlwty‘whrc}&
occurs from-the cradle to the grave. As he defines-it, “Lean'ung is a change in

human dlspos1tlon or capalility, wh1ch can be retamed and which is not simply ©

ascribed to the process &f growth.” (3:8) The conditions of. learning presented by
Gagné are not unique to children but are applicable to all learning. We may dis-
cuss these conditions in our learning heory class, but we have not allowed them
to penetrate the mathematlcs methods tourses. - .

A frequently overlooked element in teacher education programs is the tech-

“nique of questioning. This technique is obviously important to the guided-discov-

ery approach. Little attentlon, however, has béen given to the level-of questioning
in the classroom. Utilizing Blobm’s taxonomy, the knowledge, comprehension,

by

strated or examined in; educatlon courses and therefore remam unused in the
classroom . .
1, f

I'd s ll
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Early chmcal and field-based experiences for teacher educatlon students .

must be an mt%l part of the teacher education curriculum. The future teacher,
under direction and. supervision, needs a-variety of experiences with children.

Reprettably some téachers have their first contact with chlldren in aprofessional -

role- when they begin their student-teaching- exper1ence This is too late. The
teacher needs to have such experiences in a one-to-one tutonal situation, and in ;

™

C



o both small group and large group teachmg situations early in the teacher educa-

e ')J <, " tion program. Experiences with children heed to be frequent and graduated in the

/- @}egree of responsibility placed upon the teacher education student. As in the

o ’ mtroductlon of sqme new teachmg-learmng tool in the classrom, “free play”

R - , tirme is 1mpdrtant such tlme should be given to the future* teaclter to spend W1th,
children.- . - ; Lo .

- J . R Chlldren may be found at laboratory schools sth as the Umversrty SchooI

4 op the campuys of’ Kent State University in Kent, Ohio; or in- ‘elementary schools

o " in the area surrounding the campus as in the Methods Expenence Project at Bowl-

- _ing Green Umversrty, Bowling: G{een, Ohio. Where such fac1ht1es are not avallable,

- children from the families. of teachers and faculty niembers could be brought to

- the campus. However it is dOne, early clinical and field-based expeérience for the :

' prospectlve geacher must be provided, - . .

x

N Faculty . _)/ SRS

. CT e The Guldelmes for the Preparatlon of Teachers of Mathematics states, “All
oy ’ faculty members should have the knowledge, competencies and attitudes described -
' in the foregomg sectlons, ent1t1ed ‘Academic and Professional Knowledge’ and

‘Professional Competencles arid Attitude8.’” (2:23) This directive is usually fol- .

, 'lowed rehglously The following sentence however, although equally nnportant ‘

. is'tao’ often 1gnored “’I.’hey [all faculty members] shduld have appropriate con- -

» +  tinuing expenences in’ schools » (2:23) When this recominendation was men-

tioned at a recent national meeting of, the National Council of Teachers of Math-

. ematlcs, the speaker drew enthusiastic applause from the teacher-audience. The |

unphcatlon would, seem te be that teachers feel that their professors in teacher

- education institutions aré out. of touch with the realities in the field; that there

¢ s stlll a wrde gap between what is taught in the education classroom and what is

happemng in the primary, elementary, and secondary school classroom A some-

’ what revolutlonary but effective means for keeping the teacher education faculty

. in ‘touch with these realities would“be a required one-semester professmnal fur-

" lough provided every five years. Such a semester would be spent by the faculty

member teaching in an. elementary or secondary school. A periodic return to the:

- “front lines” would be an enrichment experience for the. faculty member. It
would also deepen the fa1th of the teacher education student in the faculty

E]

. Evaluatlon .

Flnally, an essentlal element of a vibrant, relevant, and effective teacher edu--

- cation program is formatrve evaluation. “The faculty of a teacher-education insti- .

’ tution should. .plan. programs to evaluate the graduates of the teacher-prepara-

. tl\on programs with a view to improving those programs through long-range plan-*
" . 'ning based on continued evaluation.” (2:28, 29) An important aspect of this eval-
(including ‘experienced-teaghers, adnumstrators umvemlty faculty members, Stu- ~

, dents, and other citizens). ..” (2 28) It_is encouraging to note that the recently

: , released pomtlon statement omt commlttee of the Mathematlcal Association
. .”, ) '\
Coe .. ,
. ’ ° p [4
, h * ” .t 3‘9 ": o [}
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‘uation would include “the advice of all individuals interested in‘improving schools -I '
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' . of Amenca and the Natlonal Council of Teachers of Mathematlcs was based upon.
, . the strongest ‘consensus of consultations with secondary school and college teach-
o ers in various parts of the country (7). Hopefully there wrll be future examples of -
AR such collegla.hty - ;
;; _ l; Conclusron A _" S . .

. - “We, wﬂl contmue to be challenged by cntlcal statements in the press stopgap
o 'f?nea;ures will be taken | $o<attempt to pacify the public; but students’ classroom *
/performance may not improve. Our hope lies inf the education community-and its
. willingriess to work for, accept; and support the changes which must be made in-
teacher educatlon institutiqns. B .
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SPECIFICATIONS FOR THE TRAINING OF A TEACHER
OF GENERAL MATHEMATICS IN JUNIOR AND SENIOR HIGH SCHOOLS:
A Recommendation of the Michigan Council of Teachers of Mathematics .
Directed to the Teacher Training Institutions of Michigan

S
P
——

" : Frank Rogers, Consultant in Mathematics,
' Lansing School District, Lansing, Michigan

{

In the 1972-73 and 1973-74 school years, a seventeen-member committee
of the Michigan Council I)f Teachers of Mathematics (MCTM) worked at length
to develop specifications for a Teacher Trammg Proposal whlch would deal with
"certain assumptions.. The proposal, which i 3 presented in this chapter m its:
entirety, is based on these assumptlons
"/ 1. The srngle most important skill in mathematics remediation work is the

ability to help students to tead a mathenfitics: book Hence, a course, or courses,
in diagnosis and remediation of| reading deficiencies is a must for pre-service sec-

ndary mathematics teachers. \

A 2. Every secondary matherrktics teacher can expect to teach several sections
‘of general mathematics classes, articularly during the first years of {gpching.
urther, with large numbers of teachers being hired in large urban school istricts,
it is important for pre-service teachers to spend time in urban general math classes .
with large numbers of minority students and many students who are d1smterested ,
nd who may be d1sc1plme problems. :

3. The college mathematics claSses most valuable to many senior hlgh and to .
‘ // all junior high mathematics teachers are the content methodological work and the
K«_,./// : pre-calculus level mathematics classes. Further, new gontent areas, including prob-

o ability and computer programming, are more important in high school mathemat- -

' R work than the tradjtional calculus-analys1s classes

4, Many elementary teachers do a better job of teaching children managing
multiple groups for instruction, and taking into account the psychological needs -
of the students in the1r care than their peers who are teaching secondary mathe-
miatics. Hence, pre-semce mathematics teachers should spend some time in upper
elementary classrooms learning the teachmg and management skills possessed by

these elementary teachers - : . ‘ .

. \ _
: - 5. Not only do pre-servrce teachers need to spend t1me in elementary class-
S , rooms, but they need to spend more time-than t\he traditional one term/semester
' - student teaching model in classrooms of the type they expect to teach. Our com-
. miftee concurs with the NACOME report (1: 83)\(hat earlier field experience be
" incorporated into pre-service teacher education rograms. In fact, our report
specifically recommends 345 clock hqurs of pre-seryi_ce'cdntact with students in

.. ° N . . L. ‘\\
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elementary, junior high, and senior high school math classrooms for sophomore
junior, and senior level mathematics education majors

e, -
e +

R

6' Sintce the value of pre-service experience will depend heavily on the com-
petence of the cooperatmg teacher in the school and thé recency of experience of
o the university personnel who cbordinate and follow up these pre-service in+school L

experiences, there is a need to carefully describe these people from 4 quality and
experiential point of view. Our report speaks to this recency of experience of uni-
versity teachers anq coordinating staff in K-12 classrooms of the level and type in
~~ which their students\will be working. We hav% named these staff positions “Clini~ -
- . cal Professors.” : ' o ) ' . '

»In addition to these assumptlons, the comm1ttee presented the following
overview to theMCI‘ M Teacher Tralnmg Proposal )
. ) - Teacher 1raining in -mathematics requires, and will continue to re-

uire many more_hours of clinical experiences for the pre-service stu- .
dent. By clinical experiences is meant on-the-job exposure ta reaI stu-  *
dents at the grade levels the pre-service students are preparing themseres ¢
y . to ‘teach. These experiences are made necessary by & great increase in
- the number of students whose motivation to learn mathematics is sig-.
v nificantly less than that of students in_the mathenatics classes in junior -
" and senior high school of which the prospective tdacher wasa member '

To support the additional hours of cIinicaI experiences, the stu- -
dent should have a university staff member who has recent experience
in the elementary, junior high, or senior high classes which his/her »
, cIasses are addressing, Further there will be a need to'reduce the num- ,
-ber of pure mathematics classes to be completed by the student, at least -
at the required IeveI ‘to make time avaiIabIe Jor these cIinicaI experi- _
ences : . L : o _

» The - Teacher Training ProposaI makes specif c suggestions concern- T

‘ ing the structuring of the clinical experiences and scheakding of pure

mathematics classes to make time for the cIinicaI experiences o

P

The remamder of this chag\ ris devoted to the \report as it was adopted by\
the MCTM Executive Committee in the spring & 1974 and as it was widely dis>
semiriated to teacher training institutions and professmnal groups of. matyematlcs o
! - teachers in Michigan and neighboring states.
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Introduction i

Most teachers of .S.econdar'y Mathematics grades 7-12, spend the majority.of

their teaching hours working with students other than those studying Second
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o At\least one of the total class\tenchmg experiences shduld be in a sec- -

Year Algebra, Analyms or Advanced -Placement coutses.

o

Nearly all teachers will. have at least one Gen al Mathematlcs class each year

.of theu' teachmg career. *

Each yea; a greater, number of schools enc mpass an urban population, or

" 6ne from low socio-economic areas, and/or m1 ority groups. Henge, it is appro-

priate that tedcher training provide experience in/ these types of settings. For these

" reasoms, we propose the followmg teacher tram g program for secondary teachers

in mathematlcs

L. Clinical Expenences h—

.A. - Each’ student in this program sho /ld part1c1pate in carefully superv1sedA

Clinical Experiences. These experiences will be under the supervision.of

"a Clinical . Professor" of Mathematlcs Education, and they will be con-.

ducted within a-public school hut designed to be of value to the trainee,
o the students of the public schools and the sponsoring university. These
- experiences. should mclude but not be limited to, the followmg compo-

‘nents:. B / ‘
1. Thtorial Experiences (/1-1 teaching) ‘

2 Small Group Expenences A o

3. Total Class Teachmg Expenences

ondary school with a large proportion of chxldren who come from a low
v social and economic env1ronmeht

'B. Clinical teaching experiehces will be ananged so that the trainee has ]

experience with students at each of the following levels:

1. Grades 36 : | ' \_,\

2. Grades69 - R - .
- 3.. Grades 9-12 S S //
a. ina general mathefnatlcs class
‘ o b\m college preparatory mathematlcs classes .
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C. A recommended time schedule for the trainee’s clinical field-experiences

It

( p

Min. Clock Hrs. School | Level| Experiences
( 25 ‘houn - | Elementary 36 Tutoring or small group instruction
120 hours Middle or Jr. High | 6-9 Tutoring or small group and,total cla .
. 120 hours Senior High . 9.12° Tutoring or small group and fotal class
s o *200Q hours Secondary 7-12 Total class and tutoring small group
345,hours total )

*Includes one of the twd secondary gxpoﬂences lmed above,.qr 8 combl,mtloﬂ of them,

4

D. The clinical experiences program will be evaluated on a periodic basis

by the MCTM Teacher.Training Compnittee, basedzqn a campus visita-

. tion. A report of this evaluation will be furnished to the participating

- institutions. When necessary, recommendations for the 1mprovement of
oy the’ program will be made by thls commlttee

. 1 I. Minimum Required _Courses ‘ . Sﬁg’gdst/e'd Sen. Hrs.

. A TEACHINGOF ELEMENTARY MATHEMATICS (K6) . " 3 hms:
Effective techniques in presenting materials,
planning class . activities and creating good-
learning .experiences; current problems in a
modern mathematics curriculum, for thls level. _

} 1. Methods and Structural Cohtent

, - 2. Learning Theoryasapphed to. Elementary ' ' -
1\ ’ * . School Mathematics = ' .

Co- o 3. Laboratorym the constructlon and use‘of
S < eachmga.qﬂleanungaxdsq e :

4, _Geometry and Number Concepts,

¢ e
MY

B.  READING PROBLEMS IN THE SECONDARY SCHOOLU*\ . 3hm.

_ This will be a generel reading course, but at. |
least a ségment of it will be devoted to the
problems_associated with readmg 1n mathe- :

I matlcs _ L -
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EDUCATIONAL PSYCHOLOGY

This course should point up the type of prob-
lems common to most learners at specific age

levels and emphasize principles and procedures -
that will be helpful in dealing with these prob-
lems . ,

r -

TBACHING OF GENERAL MATHEMATICS (7-9)*

Effective techniques in presenting materials,

. 'planning class act1v1t1es and creating good
- learning experiendes; current problems in a
. mathematics cufficulum for this level.

1. Methods and.content structure'

' 2. Learning theory, as applied to remedlal

mathématics

- 3. ‘Geo'metry . , T

“Laboratory in the constructlon and use of
Teachmg and Learmng axds

PROBABILITY AND STATISTICS S
(not neeemtﬂy dependent on calcuhu) ’

' Thls course is to be taught expenmentally— N
- probability experiments should be performed,
“data should be collected and anﬁlyzedk\pnd/ )

inferences drawn by the students. Somé:con-
sideration should be given to wayé“of present-
ing these topics meamngfully in the middle

' school/general mathematlcs class.
', MODERN szmu
. ELEMENTARY NUMBBR THEORY COURSE FOR mcums

-Toplcs in the theory of numbers which have

relation and apphéatlon to the learning ‘expe-
riences’ of students at the elementary- and

* _secondary school level. Such topics will ina
) clude

*These courses are somdtimes taught above grade 9.

3 hrs.

3hrs.
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" NI Recommended Courses

| LINEARALGEBRA - - - . 3hm,

1. Anclent and unusual systems of numera-
v tion o
Indeterminate problems

2. ‘
© 3. Propertles of primes, figurate numbers

etc.
Diophantine problemsr

-4,
5. Pythagorean Theorem °
6

. - Modular grithmetic | ) "

\.)L,, - J‘

‘commnusemmmmncs . ° _ . 3hms.

Thls mlght mclude

The effect of the Computer on Soc1ety
The development and functlon of the
. Computer

. CAL : ' ' o o
Problem Solving o 4 T
Computer Science : ) o
Simulation :

Flow Charting - '
.- A Programming Language-

L@bBRN(GBOM‘ETRY(amvey_eeﬁrn)A : S 4’ .- 3hrs,

-

TA surVey course to include Euclidean Geom-

etry from the synthetlc and transformational S~
point of view as well as f‘mlte and non-Euchd- S,

" ean geometries, . 4 ) ' o

HISTORY OF MATHEMATICS o, 3 hrs.

TEACHING OF HiGH scuoo:. MA'IHEMATICS 012 - 3hse -

v -

LEARNINGDISABILITIES s .. 2hm

.-{F
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IV. University Staffing and Structure

v

Mathematics C_ontent Teacher“

( oo N

C A‘.‘member of the mat’hematicS faculty .- ‘ W
. " " . - Y N
2 Will teach the mathemat1cs content’ courses, such as Calculus, Linear
Alge!'fa and Modern Geometry. o TN R

- pleted w1th1n five years.

.. 3. Conductmg action research w:th chlldren -

, Chmcal Professor of Mathematlcs Educatlon (CPM)

R 2 Developmg and partlclpatlng m laboratory activities w1th children

“The Clinical Professor may be a K-12 teacher under contract to a school

This professor shall: have a mathemat1cs background equivalent to at

least a master’s degree, and shall have specral assignments which give

- him regular experience with K-12 students. He engages in regular -

classroom teaching in the environment for which his trainees are being o
prepared to teach. The -Clinical Trofessors teaching assignments may\
mclude such act1v1t1es as:. .

‘l“‘x.

‘Erymg out expenmental m‘étenals ona regular bas1s wrth cthdren '

. )
7 -
. .

&

drstnct

‘It should -be understood that sporadlc demonstratlon teaching or occa-’

sionally’ maklng a presentatxon to a school class or club does not satxsfy
the condrtxons o.f these asslgnments, The aim'is that the Clinical Pro-
fessor is'in confact penodlcally wrth a graup or groups of children -on
a sustained basis. His contact with a particular group of ¢hildren should
continue through a natural cycle in the school year, such as a marking
period, a quarter, a semester, or'a year. . .

i

- This act1v1ty in the school classroom must have taken place w1th1n the '

last five.years to insure his currency and familiarity both with current

trends in- edueation and*with problems, attitudes, and interests of cur-
" rent -children. A minimum of 10 percent of the Clinical Pgpfessor’s time

within the past five years must have been devoted to such act1v1t1es "

A faoulty member who does not satxsfy the K-12 teachmg experience.
criterion and who wishes to qualify as a Clinical Professor of Mathe- .

‘matics Education shall be considered for qualification upon implément- -

ing a plan which will meet th requlrement Th1s plan must be com-.

.

g Examples of combmatxons')of asmgnments that satisfy such class ica-

_tlonare" o : , c®
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‘Within the most recent five-year period, the Clinical Professor partici-
pates in one’of the above ways in an appropnate K-12 situation for at

v
1. One semester full time,’ or
2 Ohe year.half-time; or
3. 'izwo years one-quarter time‘,: or S
4, On‘e and one-half years for two 'periods per day, or

5. Two and one-half years for one penod per day

The Chmcal Professor of Mathematlcs EduCat—(ﬁl shall be respons1ble
for teachmg _ .

L mcumcor ELEMENTARY MATHEMATICS ®e o A
2. TEACHING OF GENERAL MATHEMATIGS (7-9) R \
3. . TEACHING OF HIGH SCHOOL MATHEMATICS : .,i o | 2
Professor of Specnal Content-Methods Courses (PSC-M) " :

_Thls professor shall have a ‘mathematical baékground equlvalent to that -
of the CPME He shall also have special mterest experience, and com-

" petence in the special courses he is called on to teach ‘In partlcular he
shall have the ability to present.the material in these courses with. ‘

. appropriate “flavor” so that future teachers w111 be able to apply their
knowledge to teachmg children in a manner s;mllar to the way they' .

 have beentaught. =~ . . x5 :

ThJs professor shall have the respons1b111ty of teachmg\those courses :
that are neither background content, nor solely teaching methods but
area blend of these. - : , . R

_Included are: .
L Hmonvormmmn_cs .

2, Nmmnmonv ‘ ‘ ';,,'
o : L )
3., mosun.mmsmnsncs and perhaps 2
. . ' ‘ . .. . £ '—
4. counmzn Usammmmncs L .
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< COMYENTS ON A K-12 IN-SERVICE COURSE®
. o - . Karen Skuldt "Assistant Professor, o
o o - Education Division, University of Wisconsin-Parkside, -~

o " Kenosha, Wlsconsin
<

“These kids don’t know: any math at all. What hose teachers do down
v . there?” This common complaint is heard at all levéls—middle school, junior high
* + school,. senior high ‘school, even college. An important aspect ‘of mathematics’
teacher education which rarely gets adequate attention is articulation of elemen-
tary and secondary programs. This chapter deals with a description of a graduate ‘
in-service workshop course, Perspectives in Mathematics Education K-12, in which
elementary and secondary teachers explore mutual concerns and issues regarding
~ the teaching of mathematics. Most elementary teachers‘know little, if anything,
. .about the mathematics progg}ms their students will move into next. Secondary
. . . teachers tend also to be unaware of current content and practices in elementary
Lo  mathematics programs. It seems that formalized opportunities for dialogue among
Co teachers at different levels are needed to provide a setting in which teachers can
- gain a broader perspective of the entire K-12 mathematics experience, and thus
develop a better idea of how the part with which they work fits’into the whole.
~ Such opportunities alsa allow the realization that many issues and trends tran-
> scend that wide, imagined gulf between elementary and secondary schools.
: With these considerations in-mind, a graduate level workshop course 'was
s t 'demgned It provides a forum for in-service elementary and secondary mathemat-
v L. ics teachers to share their experiences and concerns while studying issues and
' <‘!lrends in and materials for the teaching of mathematics. This course helps teach-
ers Tecognize many common concerns and problems in the teachmg of mathe-
.‘-matlcs at all 18vels, regardless of actual content taught. It also gives some apprecia- .
~ tion of the details of sequence and the place of each teacher’s efforts in the entire
‘ mathematlcal experience a student may encounter in school :

.
R4

L}

- -
-

. o : Ind1v1dua1 class membegs’ mterestg, expenences, ’,r\;ustratlons, and access to
’ resources affect the focus of the course which has been somewhat different each
time it was tahxght ‘Another factor is the ratio of elementary and secondary- teach-
ers; the goals were best met- when there was a ‘fairly even mix. On the basis of the
title, this mathematics educatlon course is likely to attract secondary teachers.
Elementary téachers -who really know, the sequencing of elementary programs and
the difficulties children have are also importart members of the group. Their testi-
mony is very convincing to secondary teachers who tend to gai’n a new respect for -
. the complexities of teaching elementary school mathematlcs and for the large-
: number of skills which its teachers developed A . :

‘. The author was involved with this course while an assistant ptofessor in the Division of Edu- -
- cational Studies at the State University College of A{ts and Science, Geneseo, New York.

. _ " . ! '
. . - . . . 4
P J . . . o ‘ . “.
.
.
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g The course begins with a session to establish the: concems of classmembers. «
Each time the course was taught, almost all the topics predicted by the instructor *

. were expressed in some way in the questions and issues ra1sed A com;hlatlon of
some of these questlons and topics is-included. :

Regarding the modern versus traditional question— -
? e Why modern mith?

- » How much experimentation ‘was ‘done before the new math was acy

cepted? . ‘ ‘ C e
SO oA problem in secondary schools"seems to be that students do not even
i know basics! ¢ v _ T -

L e How much math theory should k1ds have as opposed to rote leamlng"
. Why should the student know the reason for everything? oo : A

oo . What’s wronf with InEmorization?' Why won’t the answer to “why’v"
’ ‘ come later? ’ . ' '

e Why i isn’t it acceptable to use fingers or count dots¢f a chﬂd can achieve
' 'the correct answer" : : . :

e Why don’t kids know basic facts after elght years of school"
o Why c%n 't kids- leam how to d1v1de (‘lelSlon theory, mental d1v1s1on)"'_' "
. Why do we teach dlfferent bases (base 5, base 2 etc.)?- T

* How can one relate math to other «areas such as physlcal educatlon, "
' mus1c, .and art" ) :

. Regamding individualneeds—  * * = | (

. o A dilemma when students are heterogeneously groupedwl,}pne’]ets the
upper track students work independently (learn class k and extra)

A - and ‘get 'used to being motivated instead of being slightly bored, there is
) - = the danger of being greatly bored in the next grade (when they will be
. S made to work with the class relea g what they learned independ- -
o ently). It seems the only altematlv::]s{t’o just let them coﬂtmue to be
R shghtly bored and unmotivated eﬂl the way through school' e

o How do you motlvate the older kids? the slower students" !

. How mlght one go about settlng up and developlng an mdependent
study math lab? Lo .
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"« How do you set up a program of individualized mstructlon" for enrich-.
ment? for slow leathers? What materials and resources are ava11able'7

At

o Ts there a value in departmentahzmg in elementary schools"
- 3
. . - . " R . ‘ - «

légardmg currlcular orgamzatlon— B
* Do math texts e&pect children to have other skllls, such as read1ng"

e e A problem ‘'with the state achievement tests for elementary school
, mathemat1cs is that they expect chlldren to be able to read!
& ) Should you teach for mastery before movmg on to a new concept" Or
should you just move a child on and forget what is not known" .

. T ®Are we exposing chlldren to too many concepts before they "have
- c grasped eVen one"

" o What are- altematlves to a curriculum for slow learners in Junlor h1gh
school mathemat1cs"

* e.How can the state syllabus be changed?

o~ 'd N —~

v - e Does test anxiety affect(test validity? e
' Regardmg mstructlonal methods— : ' . o K2

. What types of hardware and software matenals could one use for stu-
dents’ with visual and aud1tory perceptual problems perta1n1ng to con-
crete and. abstract concepts" - . .

e Needqd: ideas for motivatingrslow learners at each level.v

¢ Do ch1|dren peed more exposure to. concrete approaches before they
. ., should be expected to think abstractly? - .

N ;
S . What mstructlonal aids and filmstrips -are available for\he diﬁerent
R math areas" o o 2 ‘

e What are the techn1ques for teachmg d1v1s1on'7 )
U] Needed math act1v1t1es and games for seventh and eighth grade stu-
dents _ _ : ) L \/ .
o Will games teach mathematlcs" What games" . R S St

T R Needed methods of mtrodpclng and applylng the metric system .9
* - N .HOW might calculators be used in the classroom? I w |

.
R
. . v
AR e e . . .
e . i e P




’

o ) . {

These questlons provided focus for atenals and activities- used at each class _'
n as’\vell :as for discussion. Backgro nd and current information prov:ded "

by the instructor and by readings about su toplcs as the National Assessment of

Educatlonaf Progress the modern versus raditional. eontroversy, back'tp basics-

movement classrQom use of hand-held calculators computer usage -and innova-
. tive'programs in operatlon as well as stident-provided resources, fit well into this
" format. The sharing of experience and expertise among class members led to inter-
esting and ‘unexpected areas. Of course; it also provided solid mformatlon for

many of the topics. Hlustrations of several thought-provokmg sessions and' activi-

t1es wh1ch ‘were- created by class member;s are bneﬂy descnbed here.. ,_

¢

® A survey was designed wh1ch required one to 1dent1fy the grade level at

which a particular skill was introduced. (The New York stafe.syllabi
were used as the key, smce some varlablhty would oecur across text. -

. senes) . v .

_0" Elementary art and music teachers demonstrated ways in wh1ch they

mcorporated mathematlcal 1deas in their teacthg .

s

in producmg it , >

'do such work ‘with ‘signed numbers and: coordinate. geometry. Second
grade . teachers in the class also-differed in.their opinions. The second-
ary teacher" borrowed a set:ond\grade -class, worked with them, and
'reported back wrth pos1t1ve results and - amazed respect for young chil-
dren’s ab111t1es : )

] Small computers were demonstrated and 1deas for act1v1t1es shared

o A second grade teacher (also.enrolled), who is extens1vely 1nvolved W1th

using and sharing teacher—made aids on the state and natignal levels, pro- .

vided a wealth of mspu'atlon and mformatlon dunng a show and tell
: sessxon " S s

e A vanety of readéblllty measures was apphed to ’texts

- This workshop format for cofbined groups of in-service elementary’ and

secondary teachers, was quite successful. The fact that it drew many. "teachers to- -

enroll who, had ho need to accumulate graduate credit may be viewgd ‘as some

_ indication ' a need for such a course. In addition- to achlevmg the goals.of the = -
. course, specific needs of . md1v1dua‘1 class members were met as w'ell e most .

rewarding outcomes were that elementary teachers appeared‘to gain conﬁdence in

- _thelr abilities regarding the teaching of mathematics and -that secondary. teachers
seemed to_develop a’ new-found respect for elementwﬁchool mathemahcs, ele-
,mentary teachers, and the abilities of all students .

‘ . .
< . . .-
[ . . - > .

A member of a three-county cumculum committee (who happened to:
be enrolled) shared the product as well as the process and issues mvolved,

e Asa result of seeing the Madlson Pl'OjeCt mov1e A LeSson with Second .
- Graders, a secondary teacher questioned whether second graders could’,
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: THEﬁURB@N -BOUND MA’I‘.HEMATICS 'l‘EACHE__R

.

. Earl E Hasg, yissociate Pro fessor of Mathematical Sci{‘ces
' Metropolitan State CoIIege Denver, Colorado

O
R

PR T T . ‘,;. RS

“In Amencan Schools today. . .at the high schopl level, about 9 mrlhon stu-
dents‘are enrolled‘ln hundreds of different special courses ranglng from remedlal '
arithmetlc and elementary algebra to computer science-and calculus These stu- +-
.dents are tayght by at least 75,000 different tedchers—most specialists in mathe- - -
“matics, , ‘but. . .with widely. varylng ab111t1es objectrves, and meth s for mathe- oo

‘&

a
1

Not only do “the teachers have “w1dely varymg ab111t1es, obJectrves and

- methods ” 50 also do the students they are asked t6 teach. Too often the begin-
ning teacher is’ ﬂl-prepared for .the situatioh found ‘in the’ modern mner—c1ty

school. The problems present themselves in- overwhelmmg fashjon. Most areqnot .
simply : problems of what to teach ‘or how to get ‘a ditto master run off. It is true -

- ,.that these can be.‘problejms however they were dealt w1th durmg the pre-serv1ce :

T etry and CaIcqus The upper division courses consisted of advanced

X
\v . o ) A R ]
-~ . L . . 2

p;"/i

trammg program
;

The followmg case study 1llustrates the problems our beglnnmg teaclfer may T

. face and must overcome.

,«

“I'was a student in a Small midwest high school who, found it

R extremely easy to excel in the academic -arena. My family life was _

"~ “reasonably comfortable' but-there was-no pressure to push me. toward Y T
. college. My high school advisor practzcaIIy forced me-go take the "
" ~College Baard Exams for the National Merit Scholar Program where I, -
o sco;&d high enough to be a finalist and was ‘offered scholarships.at a | -
number of prestigious coIIeges and universities across the cbuntry .

My choice was an elite, private coIIege i?i<the midwest where I .
received an’ excellent training in the arts tradition. My major was
‘mathematigs, pnd I found it easy té acquire minors in English, German, .~ -~ .

. General Science ‘and ‘Education. The mathenmtics ma]or -included the ...~ s
. usual courses in College AIgebra and Trigonometry, Analytic Geom: " '

1 Calculus Probabiiity and Statistics, Foundations ‘of Mathematics, )
"> Abstract Algebra, Modern Géometry, and a course in "Logic and.thé_

L .V Scigntific Method -The minor in education included n,tﬂiuctio‘z 1o

' ; s'tudent teaching<c ses' at the IocaI higlu school of a.smg

_ EduCation Psydhology, Psychology of the AdoIescent *Methods of .l
' Teaching (Mathematics) and Student Teaching “The studénts in my '
iy

‘-.i

Up to ‘this point ‘everything was going weII My pro & ‘

H X
_ pleased with my progress ‘and the students in my. classes we ¥ do _
. i : L \‘ _. o f 3 ;{’l
e - '.5"5' ' . .
Cw ‘u.; - £l ¢
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s only a few short months hence. ' - .
. - ) 7, o \‘. N ‘ . v

7 .. I'was interviewed by re'pfesént'atives of 1510 20 schools who came

.

Lo b =>..matics teachers.) I chosé the m'ost‘attrag:tive of several direct contract
R T offers—a junior high school in Berkeley, Californial’ - .
. - T : N . " R A

K Wilidrd Jﬁhior High in the éérIy I‘950.s offered a classic example of

L well, 1 had no iﬁdiqatidn of th‘"eé?ain and anguish I would' experience

- to my collgge. (At this time there was a significant shortage of mathe- ,

‘-."/ V. de fbctq integratibn. Ifs racial balance matched that of the city—45 per-
‘ . cent Black, 45 percent White, 10 percent other. Indeed, Willard Junior -

. High was used as a mdlel for.a number of federal court desegregation _

. orders. The educational model implemented was homogeheous group-

SO ._ " ing at each of the seventh, eighth, and ninth grades. The-use of 1.Q.

T e

o

. scores and prevjous grades alloyed grouping into seven tracks in the " -
. 7 ‘seventhand’ elghth grades and “five in- the ninth grade. As might be

" expected, this caused g school which was perfectly integrated to the

55

" ! casual observer Yo be almost completely segregated. The three lowest =~

. ~tracks at the seventh and eighth grade levels were 95 percent Black, and
the three highest. tracks were 95.percent White. Only~in the middle.

4 .

tracks did ane find a modicuin of integration.

B B ...< b.:. . l'....’ \ .
As a first-year teacher, I was assigned to four bottom- classes and

e -

« " one middle—the.ones the experienced teathers didn't care to teach!!
B :

For me it was an extreme case of “‘culture shock,” How do you rgspohd B
- When _the manager of the local Five and Dime cormes to. the principal -

. L w
i X

(.and.accuses.you of encouraging shoplifting? I suppose I did. After all,

- ~+ I told one seventh grade class they each had fo bring their compass.and
+ . ' protractor the next Hay: ndthey did. And how do you deal with the

. elghth grade girl who comés into class and cusses you up one side and
down the other for giving her seventh grade brofher an Fon his test, for

.' V. which he was, slapped around at home by their stepfather? Or what .

- ¢ - -about the seventh grade girl'who is so tired 'she_,s'Ieeps. "{hfough yourfirst

- berlod'cla.sjs at least three days a week? Upom questioning, she confides
* that her mother has left with another man and she has been supporting
two sisters and a little brother by streetwalking. I was ready to quit sev-

| eral times in the first semester. The principal was understanding and
- " allowed me to vent my anger, fears, and frustrations, and found ways to

‘help me over-each rough spot as it appeared. - )

( .~ Most. of these were hpt aca&enéic problems. Rather, tﬁej““h'ad'

" ‘Social, ‘economic, or- psychological roots. Many, of them were forelgn'to
.« me. I had no knowledge of them in my home town or college training.

This caused my. first year to be indeed “an the job training;” It was not

N : ‘ good for my students, and it most.certainly was.not good for me. There -

. is'enough fo be learned in dealing with students on your own for the

first time so that no time should be.required for L:u'ch learning experi- L

1. enees.
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The problems suggested by the case study are not ‘the only ones facing teach- -
today. The job market is exceedingly tight. In many areas school populations
vare down or are decreasing. This leads to declining fiscal support and school
“retrenching. Increased restrictions are unposed by state and local governments.
Many changes in form for teachers as well as for students ‘and administrators will
be occasioned by the unplementatlon of competency-based teacher education
(CBTE), the use of calculators and computers, and an increased emphasis on prob-

lem-solving and apphcatlons in the "mathematics classroom.

L In a- 1974 study undertaken for HEW Carroll and Ryder at the Rang, Corpo-

ration predicted an overSupply of teachers through 1980. They developed a new-

. model which suggests that other forecasts of overproduction may be rather signif-

A icantly toopessimistic. thle Carroll and Ryder predict an oversupply through

P 1980, they observe that it will be-paralleled by declining nuinbers of new teach-

" ers in the 1970s. Thus, when the oversupply ends they beheve “the inertia in the

- system will lead to the almost immediate on-sét of a substantial and lengthy
'teacher shortage »(7: 103) v

The leglslature of Colorado has passed a law that all state expenditures will
be cut by 5 percent for fiscal 1977; after that they will be increased only a .

rate the population increases. This applies to state support for education as ﬁ

'y as other state. enterprises. The Colorado State Department of Education has insti-
. . tuted a requirement that all secondary teachers must have a course in the teachmg .
of reading in the content areas. This is designed to provide for the student who

would othervnse slip through the cracks of the system and emerge with functiomal

o . A’nother area where there is outside pressure for change is in competency-
- - based teacher education {CBTE). This pressure is coming from state departments
. of.education. In 1974, a survey of state-level activities on CBTE was conducted

.. y the Multi-State Consortium on Perfonnance-Based Teacher Education (PBTE).
" o ThlS survey fc?pd"fﬁl‘nﬁ-he 50 states and the District of Columbia: 5 have some
o : form ‘of completency-based certification in use; 23 report some definite official
action already taken to move toward CBTE or .competency certification; 23

report they are in some, stage of mvestlgatlng or studying the concept (18).

) There is a good bit of cOntroversy circulating about the concepts of CBTE
+  ‘and PBTE. They are being implemented to satisfy the need for accountability
- being expressed in educgtion. Critics say they do not account for many skills,.
.mteractlons, and concepts. which are not easrly -quantified. Theres also a very
limited reseagch base ‘to( support the ideas. Heath and Nielson believe that *
analysis of the research dn the relation between spemﬁc teacher skills and stu- "
dent achievement fails tq reveal an empirical basis for performance-based teacher
education.” (9) They further state that the PBTE model “lgnores what is to be
+ taught. . .[and] the model.ignores who is to be taught.” These are strong state-
.. ments; nevertheless states are moving ahqad wrth their 1mplementatlon of CBTE |
or BBTE- '
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Today’s teacher must deal with problems and opportunities which were’

rarely considered or never thought of as recently as a decade ago. The computer
and electronic calculator have come of age. Metrication is a vital issue which must
become second nature. The ideas of . problem-solvmg and mathematical modeling
have often been given lip service, but. are now forcmg themselves on the teaching
commumty , . - : ) o

. The rapld growth in the ﬁeld of computer technology leads to the questlon
“How can we best use it in the public school?”” Several optlons are available. The
first is as a data management tool. In this role it is possible to offer individualized

- %\ﬁtmctlon by having the computer keep track\of what the student has learned

/and what he/she has yet to learn. The computer cin-also tést, score, and generally
h&eyg:te an.enormous clerical problem for the teacher. Baker has rewewed a num-
ber of such applications andwQelieves that their “pronn\se far exceeds the present
accomphshment » (3) '

, Another optlon for computer use is,as. an indefatigable tutor. Computer
. assisted instruction (CAI) is another way to offer individuatized instruction. Gibb
. notes that “the immediate féedback and the undivided attention that the machine
can give. . .may be the critic4l need of an individual student at any given time.” (8)
., While' most teachers would be happy to- have the management aspect available,
some would feel threatened by the tutorial’aspect. The tutorial mode can appear
to take from the teacher a primary fuhctlon However, the computer is “dumb”

while it has a prodigious memory, it requires a dedlcatethNacher to. prov1de-

- “much time, creative thought, and energy. . .to instruct [it] so it, in turn, can
instruct its students.” (8) N : )
) A third computer use is as 2 ve'ry' fast. °cdmputatfonal device for stud nts
* Kieren, McGu1re and Allison each mdlcate ways the computer can be used in\the

. classroom (11, 13, 1). All require a programming language: either BASIC orll ’

‘FORTRAN. Atchlson ‘notes that “Marvin Minsky in his 1970 ACM Turing Lec-
‘ture remarked that eventually programming itself will become moret1mportant
even than matlematics in early education.” Thus students can use the computer

. as a: ‘tool to develop “their ability to thmk plan, create, and organize for them-

selves ”(2) o

_ ) . . 5 .
The teacher is an important part of each of these applic‘a?ions"’Kieren offers *
a model for implementation of the computer in aiding mstructlon He observes °

that “effectiveness is highly dependent on human planning. . ..” (11) This plan-

ning can only be carried out by a person familiar with the computer—its capabili-_
ties and its limitations. Such familiarity comes from working with a computer; -

it can be vau/iréd in formal coursework taken by the pre-service teacher.
electronic calculator has made instant, low-cost, arithmetic accuracy
~ available to everyone. There is still mu dlsagreement as to its place in the class-
room/ Several pros and cons are ‘discussed by Machlowitz, but it seems clear that
the eleqtronfc calculator is here to stay (14). Many materials are being written for

classroom use and some research has been carried out to validate procedures.
N /-

.
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Although research is incoriclusiye at thls tirne, it seems to say that the use.of the
electronl@alculator doesn’t hinder the learning of mat-hematics (5,6).

" The unplementatlon of the, metric. system or “metrication” has e c1ted a

~-considerable amount of discussion. The November- l974 issue of The Mathematics
' feacher has several articles dealmg w1th this-area of concern. Since matiematics

teachers at all levels will carry the main load in  furthering metrication, they w111

“find especially useful a metric bibliography prepared by: Stuart C. Choate as
part of the Wwork of the Metric ‘Implementatlon Committee of the National Council

~ “of Teachers of Mathematics (NCTM). Even now textbooks are available at the/ele- -
* mentary level which deal exclus1vely with Sl (Systeme International d’ Ur{tes)

units-of measure (20)

Problem-solvmg arﬁl mathematical- modelmg m:\be the most important L

-aspects of today’s mathematics educdtion. Ttoutman and Llchtenburg (19) decry

the practlce of giving “handout sheets of problem-after problem where the ‘prob-

-lem’ is a computatlon to be carried out and the ‘answer’ is recorded above, below,
or on the line.” They would have teachers prov1de realistic ¢‘situations that have

_ tobe mterpreted and that need some structure unposed on them. More often than

not, that structure involves a mathematical model.” Part of problem-solvmg is
problem-posmg Vanous problem-posing strategies are- proposed.by Brown and

" are 1llustrated in the context o‘f the golden rectangle of ancient Greece (4). This is

very similar to'the emphasis given by G. Poly4\‘in his little book, How to Solyve It

an. Unfortunately, a teacher very often has not had these approachies modeled .
"in any undergraduate mathematics class and ‘will find it difficult to 1mplement
. them without speclﬁc training. -

“Published recent data on the requirements in mathematics and mathematics
teaching methodology of pre-service teacher educatlon programs are non-existent.”’.
(16:81) Whilé this was generally true in the area of secondary mathematics edu-
“cation up unfil 1975, a study by McCowan in 1975 and another by Johnson and -
Byars in 1977 have helped to_fill the gap (12, 10). Both studies determinad to
what extent colleges and’ umversltles met the Level III recommendations of ‘the
Committee on the Undergraduate Program in Mathematics (CUPM) These recom-

. mendations include. the followmg requirements: three (semester) courses in calcu-

lus, one course in real analysgg two courses in algebra, one course in probability
and statistics, one course in §eometry, one course in. computing. Both studies d1s-
covered that not all schools met all recommendafiofls. In fact McCowan found.
that no schools in his survey requlred all recommertded courses. He feels that
teacher preparation falls ‘far short of recommendations., .of CUPM.” It is
encouraging to note, however, that Johnson ang Byars found that 69 percent of

their respondents “eﬁdorsed the CUPM recommehdatxons ”'Indeed many of these °

respondents indicated they were working toward closer conformity with these
recommendations. : )

The pre-semce program for secondary mathematlcs teachers at Metropolitan*

. State College (MSC) was deslgned to alleviate many of the problems outlined (15).

MSC has defined three co,mponentsjfor the. program ‘of teacher ed'ucatlon The
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R first part of the .curriculum, gengral education, includes courses in communica-
- ' tions, ‘humanities, -and natural and behavioral sciences. It 1s designed to allow
; teachers “to serve as models of educated persons. ” o

" f
¢ The second- part is the teaching major. The Secondary Education Program in
niathematics i is offered through the Department of Mathematical Sciences. CUPM
Level I1I.recommendatiéns were foltowed in great measure to determine require-
_ Mments for the major. Thus; the follow1ng courses are reqmred

o

1. ,Two semesters of calculus with analytlc geometry ‘
‘m=' . 2. One semester of proofs and abstract mathemat1cs - o
) 3. One semester of computer seience \\
- 4, One-semester of @stract algebra )
5. One semester of probability and statistics - '
6. One semester of history of mathematics
7. One semester of foundations of geometry- L :
8. One semester of methods of teaching mathematics
. In addition, the prospective teacher must take two more courses. These are ?
usualIy chosen from calculus, number theory, linear algebra, statistics,'and com-
puter sc1ence i s
-The major as presented is designed to reach _several goals First, it gwes ‘the
prospective teacher a solid base for teaching host of the courses in the secondary
school. The proofs and abstract mathematics course is required of all mathematics
majors and gives the tetcher candidate an opportunity to “do real mathematics.”
Only the history, geometry, and methods courses were designed specifically- for
the Secondary Education Program. About one-third of the students in the history
‘w. . . and geometry. classes- are majormg 1n other areas of mathematics and take these
- S courses as electives. ’ : : '

ooy A second goal is to prepare the teacher to the extent that graduate work in
mathematics is a real possibility. In fact several of our teacher candidates have
decided to obtain a master’s degree before teaching. Colorado also requires on- -
going education for recertification purposes Graduate-level mathematics courses

are accessible to our graduates. et . : .

A .
. )
- ( ‘ ‘A few of our teacher educatlon majors decide, either before or after gradu-
' ation, that-they will not teach. The program as .presented allows them to pursue
other career goals with relat1ver little additional coursework. Qther students find
that teaching is not “their cup of tea” after being in the field for some time. They
also have a good base to work from in a retrauung Effort

' The methods course is desrgned to make the student aware of professional
- aspects of the teaching of secondary mathematics. Topics from the history. of
teaching mathematics are covered with emphasis on the period from 19Q0 to the
present. Learnipg theories as they apply to teaching mathematics are discussed.
This allows each*student tb develop and formalize a personal theory of teaching.
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Ordermg and pac1ng of matenal and evaluatlon are considered i in the light of this

j theory Various audlov1sual capabrhtles are developed Stud nts are asked to cre-
+f e o -

finute Tength. Th.lS

forces them to organize their matenal much begter ' I'%lar class-length

jvégtudents the

- otherwise become aware. Each-creates an annotate }
mathematics library. In addltlo each tutors at tl‘k
week for the semester. All this is with a view toWh
stucg:t-teachmg expenence and, more irnportantéz, aftk

experience. ' ’

/' educatiom¢ourses. Thls cons1sts of chmcal and labor to

\blocks The first block is theory and prac}rce of social*m§jl ¢ | giral Pases of sec-
ondary schools. Here the clinical aspect in the public schoofhlloy .
" dates to deal with problems and needs oof adolescents from.dwer§e ethnic and cul-
tural backgrounds. The next block deals with the theory of the psychological and
physrologlcal bases of secondary education. This allows the teacher to develop a
theory of learning and strategies for the: “exceptlonal” child in the classroom. The
© final block is a group of three courses in theprocesses of education. This segment
includes general materials and techniques, and the use of media in the classroom. -
It also includes a laboratory experience in the community schools where.the stu-
dent is asked to tutor in an individual and small group situation. '
. After all coursework is completed the student-teaching expenence is taken
_in an accredited public or private secondary school. Here i mcreasrng responsibility
is taken  for teaching, superv1slon and direction of an identified group of learners.
This is the final supervised expenence before the teaching credentlal is awarded
In’ addltlon to requited courses and formal work toward the bachelor S
degree, all teacher candidates must complete at least 200 clock hours of volunteer
work - Candidates work with adolescents in the age bracket they intend to teach.
JVolunteer work may be accomplished with groups such as Boy Scouts, Girl
“S‘couts church groups, volunteer tutor programs and. s1m11ar activities. It is to be
completed by the end of the sophomore year.

The MSC program is designed to expose the prospectlve teacher to the gamut
of possible .experiences in a nonthreatening atmosphere. It treats both theory and
practice in’ situations of ly increasing responsrblhty It appears to be a suc-
cessful'| program Our graduates have been enthusiastically received and have found .
posrtions when graduates of other.institutions haye been told none exrst '

.
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comments "Mathem_ ics teaching today faces

. ‘the future with little real certamty of its goals

and little cptlmlsm concernmg its potential .

i effectweness this bléak outlook has resulted

s Iargely from the lack of-hard research data as a*-

+:" basis formaking decisions.” He stresses the

o Vtgmﬂcance of the 1975 NACOME report which

L : capijalized:upon several current natronW|de
_esearch projects and clearly’ has sngmflcant and -

'ducatlbn ‘atall-levels:it provides the central -
: hema or core:for Mathematlcs Teacher Ea’ucat/on
“Critical Issues. bha‘ Trends

.+ This pubhcat:on in the NEA Professlonal _
i Studles Serigs begms with a researc{;supported
.. “discussion of several timely topics facing mathe-

-..aspects of mathematics teacher education. .
.Kathryn Castle c‘nsnders the areas of kinder-
arten mithematics: John Mihalko discusses
rath anxlety'. mduvnduahzatnon andlearning - -
. "theory as they re{ate to mathematlcs teacher
educatlon Frank Rogers revaews the tralmng of
';.‘-i‘._teachers for junior and senior hngh sthools; Karen
. Skuldt describes a graduate in-service K-12 work-
;’-'g;shop ourse; and Earl Hasz focuses on-some of
" thechallenges faclng secqndary mathematics
; teacher education in an urban‘environment: ,
=0 Mathematics Teaching Education: Critical
-"flssues and Trends presents a variety of over- - ;.
wew3. ppsrtton papers. and program descrlptlons
"which can provide a more objective base for - .
* ‘making degisions in mathematics teacher :
L educatlon The consuitants on this project have . .
indicated the book wvy‘be helpfut for.individual
;‘-.;'teachers. asaresource for an in-service pro;ect
-'on the iocat level, and as reference anki rgsource
-m?tenat for mathematncs department Iibranes

-y

ucation: Critical =
af, Douglas. B. Aachele. -

. matics. educators, and is followed by five: specific .- |
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ar-reaching imblications for mathematics teacher R






